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The Retirement of Mr. C. A. Otto 


O far as is known, the name of Chas. A. Otto has 
not previously appeared in the pages of METALLURGIA. 
All the more reason, therefore, why, on the occasion 
of his retirement, it should be given a place of honour 
on the leader page for which he was so long responsible. 
Born on Tyneside in the 
1880’s, Charles Otto, on leaving 
school, served his time in the 
works of a marine propellor 
maker, and there he obtained 
first hand experience of the 
practical difficulties encoun- 
tered by those whose work lies 
in the fashioning of metals. 
By way of evening school 
studies, he qualified himself in 
the theoretical aspects cf en- 
gineering also, and in due 
course was appointed to the 
teaching staff of the Battersea 
Polytechnic and, later, to a 
similar post at Woolwich. 
Because of his belief in the 
importance to the engineer of 
a knowledge of metallurgy, he 
read widely on the subject 
during this period. At the 
same time, he began to take an 
interest in technical journalism 
and had several articles pub- 
lished. His interest went 
further than the preparation of 
articles, however, and he made 
a critical study of the make-up of technical journals— 
the way in which the matter was set out; the use of 
illustrations and the quality of their reproduction ; the 
suitability of the particular type face for prolonged 
reading: and so on. It must be confessed that what 
he found was not greatly to his liking, and he felt that 
many of the technical journals of the day were capable 
of considerable improvement. It was his belief that a 
journal which was technically sound and_ reliable, 
could, and should, be possessed of a certain dignity and 
beauty in its method of presentation. Ii fact, he went 
so far as to say what he would do—given the chance— 
to produce a journal which would conform to his ideas. 
Two or three years later, he was “ given the chance ” 
when, in 1929, he was invited to become editor of a 
journal whose first issue had still to appear. Thus 
began his long association with METALLURGIA. 
Looking back, one can but wonder at the courage 
which must have been needed to give up interesting 
and “safe” employment, to take on the position of 
editor of a non-existent journal with all the hazards 
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such a course involved. Again it must have been far 
from encouraging to hear the view expressed—on more 
than one occasion-—that twelve months would see the 
journal pass into oblivion. It took more than that to 
daunt Charles Otto, however, and he worked untiringly 
to see the journal established. 
It was that spirit of dogged 
determination, coupled with a 
clear idea of his objective, 
which was mainly responsible 
for METALLURGIA surviving 


those difficult early days, and 
attaining its present standing 
among 


the metallurgical 
journals of the world. In the 
early days, not only had he to 
edit the journal, but he had 
also to write a considerable 
part of every issue. There 
were, however, a number of 
prominent men in the sphere 
of metals who were willing to 
help forward the new venture 
and as time went on, and the 
journal became established, 
contributors were more readily 
forthcoming. 

The whole of Charles Otto’s 
editorial policy was based on 
the view that a_ technical 
journal should, first and fore- 
most, aim at being of service 
to industry and to its readers, 
and he went to no end of trouble to see that ideal put 
into practice. No request for information, assistance or 
guidance went unanswered, and every attempt was made 
to give a helpful reply. This helpfulness was also 
demonstrated in his attitude towards articles submitted 
for publication. The question he invariably put to 
himself was “ Has it got a story to tell?” If the answer 
were in the affirmative, the article was accepted, no 
matter if it had to be completely re-written to make 
it suitable for presentation in the journal. In these and 
other ways he earned the gratitude of many whom he had 
never met in person. 

When friends suggested to him, on learning of his 
impending retirement, that he would be able to do the 
things he had always wanted to do, his reply was 
invariably the same: ‘“‘ But that’s what I have been 
doing.” Therein lies the secret of his success. 

METALLURGIA has been a part of his life, and although 
he has now officially retired, we hope to enjoy the 
benefit of his co-operation and guidance for many 
years to come. 


Photo by Lafayette 
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New Year Honours 


KNIGHTS BACHELOR 

G. W. Barr, C.B.E., Managing Director, Fairfield Ship- 
building and Engineering Co., Ltd. 

E. D. A. Hersert, O.B.E., Chairman, Short Bros. and 
Harland, Ltd., Belfast. 

C. Hixtox, Deputy Controller of Atomic Energy (Pro- 
duction), Ministry of Supply. 

W. Wattace, C.B.E., Vice-President and Chairman of 
Finance Committee, Engineering and Allied Em- 
ployers’ National Federation. 


C.B. 

Barnard, C.B.E., D.S.0., Deputy Secretary, 
Department of Scientific and Industrial Research. 
W. R..J. Cook, Chief of the Royal Naval Scientific Service. 
Commander 8. C. O.B.E., R.N. (Retired), 

Chief Engineer, Armaments Design Establishment, 
Ministry of Supply. 
K.B.E. 
H. M. Garner, C.B., Chief Scientist, Ministry of Supply. 
J. M. Mackenzie, C.M.G., O.B.E., Deputy Director- 
General, Federation of British Industries. 


C.B.E. 

K. BauMANN, for services to turbine development. 

H. Constant, Director, National Gas Turbine Establish- 
ment. 

P. H. Mvurrueap, Director and General Manager, 
Vickers-Armstrongs, Ltd., Newcastle-on-Tyne. 

W. L. M. O'Connor, Director of Carbonisation, National 
Coal Board. 

J. E. Sersy, Deputy Director, Royal Aircraft Estabiish- 
ment. 

S. L. Smrru, Director of Research of the British Ship- 
building Research Association. 


O.B.E. 

A. J. Cuarnock, General Works Manager, Leyland 
Motors, Ltd. 

R, CLarKe, Marine Director, 
Electromotors, Ltd., Norwich. 

A. Hoare, Engineer Manager, J. Samuel White & Co., 
Ltd., Cowes. 

S. L. Hopkinson, Manager, German Office, British Iron 
and Steel Corporation, Ltd. 

W. Hume-Roruery, Lecturer in Metallurgical Chemistry, 
University of Oxford. 

M.B.E. 

B. E. BLacKLepcr, Superintendent, Coke Ovens and 
Fuel Departments, Steel Co. of Wales, Ltd., Port Talbot 

G. Brices, Experimental Manager, Airspeed, Ltd. 

W. G. Brown, Engineering Manager, Factory Shops, 
Harland and Wolff, Ltd. 

S. Jerrrey, Works Superintendent, W. H. A. Robertson 
& Co., Ltd. 

H. D. Jenxerr, Departmental Manager, Brown Bayley’s 
Steel Works, Ltd., Sheffield. 

A. Macponatp, Works Manager, North British Loco- 
motive Co., Ltd. 

J. Rag, B.E.M., Engineering Manager, John Brown & 
Co., Ltd. 

L. Rusurortrs, Head of Section, Research Laboratory, 
British Themson-Houston, Ltd. 

J. M. Watsue, Works Engineer, Belliss & Morcom, Ltd. 

R. W. Warp, Experimental Designer, Gloster Aircraft 
Co., Ltd. 


Laurence, Scott and 


B.E.M. 

R. B. Y. Barrp, Foreman Maintenance Engineer, 
Glenboig Union Fire Clay Co., Ltd. 

F. G. Baynes, Senior Foreman, Steel Tube Mill, 
Wellington Tube Works. 

W. H. Curyy, Foundry Worker, J. Lassam & Co., Ltd. 

H. J. Conyarp, Moulder and Core-maker, Vickers- 
Armstrongs, Ltd., Crayford. 

R. T. Davigs, Coke Oven Foreman, Cargo Fleet Iron 
Co., Ltd. 

C. DonnELLY, J.P., Assistant Shearer, Lanarkshire Steel 
Co., Ltd. 

J. T. Hatuaway, Rolling Mill Foreman, Henry Wiggin 
& Co., Ltd. 

L. W. Jones, Organiser and Collector, Savings Group, 
Lancashire Steel Corporation, Ltd. 

J. Kine, Construction Fitter, Shell-Mex and B.P., Ltd. 

M. McDouaa.L, Foreman Welder, Yarrow & Co., Ltd. 

Miss E. MippLetron, Machine Operator, Imperial 
Chemical Industries, Ltd., Birmingham. 


P. S. Skyrme, Senior Assistant Overseer, Office of 


Admiralty Engineer Overseer, South Yorkshire and 
North Midland District. 

O. J. StEPHENSON, Foreman, C. A. Parsons, Ltd. 

C. A. Strrurne, Plater, Consett Iron Co., Ltd. 

H. J. SrricKLaNnD, Foreman Electrician, Wm. Jessop & 
Sons, Ltd. 

F. R. Waiter, Chargehand Plater, Dorman, Long & 
Co., Ltd. 

T. Wuittey, J.P., Foreman Shipwright, Harland and 
Wolff, Ltd. 

A. G. Wikrnson, Pattern-Maker, Vulcan Foundry, 
Ltd. 


Mond Nickel Fellowships 
1950 Awards 


Tue Mond Nickel Fellowships Committee has announced 
the following awards for 1950 :— 

Mr. D. ALEXANDER (University of Otago, New 
Zealand) to study industrial technique and the appli- 
cation of research to metallurgical control in Great 
Britain, with special reference to tinning, plating, 
enamelling and other surface finishing processes. 

Mr. F. R. H. ALLon (John I. Thornycroft and Co., 
Ltd.), programme not yet decided. 

Mr. K. W. J. Bowen (Cambridge University) to 
study factors affecting the selection of materials for 
the construction of chemical and petroleum plant in 
the U.S.A. and Canada, with particular reference to 
the influence of research in this field. 

Mr. M. G. GemMiLi (United Steel Companies, Ltd.) 
to study in Britain, U.S.A. and Canada, the manufac- 
ture, testing and application of steels for high 
temperature service 

Mr. W. B. Hatt (Nechanga Consolidated Copper 
Mines, Ltd., Northern Rhodesia) to study American 
and Canadian plant practice in the hydrometallurgy 
and electrowinning of base metals, with special 
reference to copper and its associate metals and to 
make a general study of mechanisation and plant 
management in ore dressing and leaching plants. 

The Mond Nickel Fellowships Committee will at a 
later date invite applications for awards for 1951. Full 
particulars of the Fellowships can be obtained from the 
Secretary, Mond Nickel Fellowships Committee, 4 
Grosvenor Gardens, London, S.W.1. 
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The Effect of 


Manganese Segregations on 
Machinability 


An Application of Microradiography 
By K. J. B. Wolfe, M.Sc. and I. R. Robinson, B.Sc. 


(The B.S.A. Group Machinability Laboratory, B.S.A. Tools, Ltd., Marston Green, Birmingham) 


An explanation of the variability in machinability of steels of apparently identical physical properties 
and composition has been sought in the presence of manganese rich segregations, demonstrated in many 
constructional steels by means of microradiography. Machinability determinations using drill life tests 
indicate that these segregations, by their abrasive nature, increase drill wear and because of their shape 
and brittleness, reduce the force required to carry through the cutting operation. An estimate of the 
manganese content of the segregations is made and discussed in the light of the iron manganese equilibrium 


T is a common experience, among those engaged in 

work on machinability, that steels whose com- 
position, hardness and previous heat treatment is 
identical may show large differences in their machina- 
bility. During an examination of a large number of 
constructional and low-alloy steels, using a microradio- 
graphic technique already described!, it was noted that 
manganese segregation was of very widespread occur- 
rence, and also varied greatly in quantity between 
different samples of steels made to the same, or very 
similar, specifications. As it has, until now, been found 
impossible to detect these manganese segregations by 
any other means than microradiography, it was thought 
that the variable occurrence of these segregations might 
have some connection with the hitherto inexplicable 
variations in machinability. 

It was, therefore, decided to investigate the machining 
characteristics of samples of steels whose composition 
was similar, but which were known from microradio- 
graphic examination to contain widely differing amounts 
of manganese segregation. 

For these tests, steels to specification En. 15 were 
chosen. This was, firstly, because certain samples 
contained large amounts of manganese segregation and, 
secondly, because their relatively simple composition, as 
compared with most of the steels examined, would 
reduce the possibility of the presence of small amounts 
of other alloying elements leading to spurious results. 
The nominal composition of En. 15 steels and the actual 
compositions of the three steels used (A, B and C) are 
given in Table Ia. 

No important differences in composition between the 
three steels are apparent, taking into account also the 
incidental alloying elements nickel, chromium and 
molybdenum. Steel A is slightly higher in carbon, and 
steel C slightly lower in manganese than average. The 
sulphur content, normally considered of importance in 
machining, may be taken as identical within the limits 
of experimental error. 

The steel used was from a Siemens basic open-hearth 
furnace. The ingots, weighing about 3-8 tons and 22-5 
inches square, were uphill cast, using a composition 
h-ad. They were rolled into l-in. diameter round bars 
a’ a temperature of 1,150°-1,130°C. in 24 minutes, 
wing 11 passes in a cogging mill and 8 passes in a 
ntinuous mill. 
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diagram and transformation curves. 


TABLE 1A.—COMPOSITION OF STEELS TESTED. 


Steel ( | Si | Mn 8 P | Ni | Or | Mo 

AL O87 0-17 ‘151 0-038 | 0-036 | 0-20 | 0-15 | 0-02 

BR 0-31 O-16 1-51 0-037 | O-o12 | 0-294 | | 

| 1-40 0-037 | O-O17 | | 0-02 
Nominal | | | | 
Bn. 15 | | 1-25-1-75 | | 0-06 | | 


Quantity of Manganese Segregation 


Previous work'? has shown that manganese-rich 
areas are revealed in steels by the use of cobalt charac- 
teristic Ka radiation, which is highly absorbed by 
manganese. The element segregating may be identified 
as manganese by comparing with microradiographs 
using iron Ka radiation, which does not reveal man- 
ganese segregations unless present as silicate, oxide or 
sulphide, in which case the segregations are less absorbing 
than the matrix. 

As samples rich in manganese segregations, steels A 
and B were chosen, and microradiographs of longitudinal 
and transverse sections of these steels with cobalt K 
radiation are given in Figs. 1, 2, 4 and 5. These segre- 
gations have been proved to be manganese-rich by 
comparison with microradiographs using iron K radia- 
tion; and Fig. 7, a microradiograph of steel B with 
nickel K radiation, when compared with Fig. 2 shows 
only a single dark streak, which probably consists 
partly of non-metallic manganese compounds. It is 
interesting to note from the transverse microradiographs 
that the segregations are thread-like and generally of 
approximately circular cross section. 

Steel C was chosen as a sample having less manganese- 
rich segregation visible on the microradiographs. It 
has not yet been possible to make a satisfactory 
numerical estimation of the quantity of manganese-rich 
segregations, and the content has been judged on the 
general appearance of the microradiographs. Point- 
counting techniques could not be usefully applied to the 
transverse photographs, because of the diversity of size 
of the threads observed. These in steel C are obviously 
finer than those in the other two steels. 


1 Betteridge, W. and Sharpe, R. 8. “* The Study of Segregations and inclusions 
in Steel by Microradiography.” J./.8./., 158 (1948), 185. 

2 Wolfe, K. J. B. and Robinson, I. R. ‘ Metallic Segregations in Ferritic 
Steels—An Application of Microradiography.” Metal Treatment, 16 (Winter, 
1949-50), 209, 


r, 
ll, 
on 
‘in 
ip, 
ial 
ad 
& 
& 
id 
d 
Ww 
i- = 
it 
les 
j 
r 
n 
Gis 
.) 
h 
n 
y 
il 
a 
e 
3 


Fig. 1.—Steel A. 150 


Method of Testing Machinability 


It was decided to use drilling tests to determine the 
machining characteristics of the steels for the following 
reasons : 

(1) The machining conditions were under complete 

control. 

(2) Standard drills could be produced without undue 

difficulty. 


, Fig. 2.—-Steel B. 


Microradiographs of longitudinal sections of En. 15 steels using Co K radiation. 
shown by Steel C. 


< 150 Fig. 3.—-SteeljC. x 150 


Least manganese segregations 


reasonable 


(3) The results could be obtained in a 

period of time. 

(4) Only a small amount of each of the steels under 

investigation was required for each test. 

In all work concerning the determination of the 
machining characteristics of a steel, it is usual to carry 
out two different tests. These are power tests and life 
or endurance tests. 


Fig. 4. 


Microradiographs of transverse sections of En. 15 steels using Co K radiation. 
shown by Steel C. 


Steel A. < 90 Fig. 5. 


-Steel B < 90 


Fig. 6.—Steel C. «x 90 
Least manganese segregations 
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Fig. 7.—Microradiograph of longi- 
tudinal section of Steel B using Ni K 


Fig. 8.—Microradiograph of mangan- 
ese plating (light), 20 micro-inches 


Fig. 9..-Microradiograph of mangan- 
ese plating (light), 40 micro-inches 


radiation. Compare with Fig. 2, 
showing the same area, but using 
Co K radiation. x 150 


Power tests give valuable information about the 
difficulty with which the tool can form the chip, and so 
remove metal from the machining stock. For instance, 
it requires more power to machine a steel in the “75 
ton” condition than in the “45 ton” condition. 

On the other hand, life tests give information con- 
cerning the abrasiveness of the metal under test. It 
will be appreciated that two steels which show similar 
results on power test can give different results under 
life test. A typical example of this, very relevant to 
the results found in the pocsent investigation, is shown 
in the behaviour of a steel with a high alumina content, 
compared with another showing complete absence of 
this type of non-metallic inclusion. It is found that 
tools cutting the steel with the high alumina content 
have a very short life compared with that shown when 
machining the other steel. 

If was therefore decided to carry out both types of 
test in order to analyse in detail the effect, if any, which 
manganese segregations might have on the machining 
properties of a steel. The En. 15 samples used were 
7-in. lengths of the l-in. diameter hot-rolled bars. All 
samples were given identical heat treatments in the 
same furnace at the same time. This consisted of 
hardening by oil quenching from 860° C. and tempering 
for one hour at 650° C. followed by an oil quench. After 
shot blasting to remove scale, 3/16in. of metal was 
removed from opposite sides of the bars by shaping, 
leaving an approximately rectangular cross-section 
lin. 

The hardness after heat treatment is given in Table In, 
where the results of a Meyer analysis® are also given. 
The Meyer analysis was carried out using both concentric 
und separate impressions from a 2-mm. ball, with load 
values varying from 5 kg. to 120 kg., the plotted results 
tilling closely about a straight line. There appears 


3 Lysaght, V. E. “ Indentation Hardness Testing.” Reinhold, 1949, p. 39 ff. 
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thick on shim steel 2,000 micro-inches 
thick. CoK radiation. 


thick on shim steel 2,000 micro-inches 
thick. CoK radiation. x 150 


x 150 
to be no correlation between the mechanical properties 
and the results of the later drill tests. 

The drills used were from a single batch of }-in. 
diameter high speed steel “‘ Jobbers ’’ drills, full details 
of which are given in Table II. The conditions of both 
the power and life tests are given in Table III. All 
holes were drilled perpendicularly to the long axis of the 
samples. 

When carrying out the life test it was essential, in 
order to obtain statistically valid results, to take into 
account possible variability between drills. An obvious 
method of doing this is to determine the life of each 


TABLE In, 


Me, yer Analysi sis 


Steel Hardness No. 


| 


BLE Il. 


DIMENSIONS AND PROP ENTERS OF “JOBBER” DRILLS. 


Material } 18 

Hardness | 850-880 VP. at 

Overall length i 

Flute length 

Helix angle 

Point angle 

Web thickness (Point) 
(Back) 

Width of cutting land 


4/1 high d steel 


30 Kg. load 


0-021-0-025 in. 
0-037-0-041 in. 
0-020 40-002 in. 


TABL KL ILL. CON DITIONS ) OF 


TEST. 


Power Test 


Drill apeed (R.P.M.) 1,900 


Drill «tt. min.) 


Drill Penetration (inc he *s/min.) | 


Depth of hole in ine hes oe 


utting fluid use ‘soluble oil ooledge” 


20/1 dilution 


r 
e 
= 
| n a 
| 
— 
j 
| 
| Life Test 
| 3,340 
2 | 10 
i | 
5 2 


TABLE 
Repoint 
2nd Srd 
Drill 
No. of 
Holes 


No. of 
Holes 


Holes Steel Steel Steel 


Steel 


Total No 
of Holes 


drill on every steel. This, however, involved repointing 
cach drill several times and successive repointing might 
cause variability in the effectiveness of the drill. To 
randomise the possible effects of between-drill variability 
and of within-drill but between-repoint variability, a 
planned experiment using a 5 x 5 Latin Square was 
used*. In order to do this it was essential to test five 
steel samples with the drills. Only three steels were 
being examined, so steels A and B were included twice 
to satisfy the pattern of the experiment. 

The detailed results are given in Table IV, and the 
analysis of variance in Table V. Using ‘ Student’s ” 
*t." test, the difference in the number of holes necessary 
for a significant difference at the 1°, probability level 
is 7-86, and thus the lives of the drills for all three 
steels differ significantly. The between-drills variability 
and the within-drills but between-repoints variability 
are not significantly larger than the experimental error. 

Power tests were made using the same drills, under 
the conditions specified in Table III, in conjunction 
with a new dynamometer designed and constructed in 
the B.S.A. Group Machinability Laboratory. This 
instrument is capable of measuring torque and thrust 
for drills from 4y-in. to j-in. diameter, with any com- 
bination of speed, feed and workpiece material. The 
load ranges are continuously variable from 0 to 25-lb.-ft. 
torque and 0 to 2,000-lb. thrust. The two cutting 
forces are separated by means of a thrust race, and 
ultimately measured by the deflection of speciaily 
designed steel diaphragms. The resultant out-of-balance 
currents in inductance bridge circuits operating at 
4,000 are amplified and indicated on suitable 
microammeters. A special technique enables calibration 
to be carried out by means of weights, without the 
introduction of errors arising from hysteresis. A full 
description of the instrument will be published elsewhere. 

At least 98°, of the power required for drilling is 
accounted for by torque, the remainder being thrust. 
For this reason, although for completeness measure- 
ments of thrust were made, the results, which showed 
no significant difference between the steels, will not be 
further discussed. The results for torque measurements 
are given in Table VI. It will be seen that steel C, with 
the least segregation and allowing the longest drill life, 
requires significantly more torque than steel B. Steel A 
is not quite significantly different from either in respect 
of torque required. 

Discussion of Results 

Both life and power tests were carried out in such a 

way that the axis of the drill was at right angles to 


Brownlee, K. A.“ Ludustrial Experimentation.” 4th ed., 1949, H.M.S.0., 


1Va.—LIFE TESTS ON EN. 15 STEELS A, 


Meau 
No. of 
Holes 


Total | 
No. of | 
Holes 


No. of 
Holes | 


Steel 


Holes 


77 67 


ie 


TABLE IVB. 


| Mean No, | 


| Difference of means necessary for significant 
of Holes | 


difference at 1% level. 
7°86 


Variance 
Ratio 


Mean 
Squares 


Degrees of 
Freedom 


Sums of 
Squares 


Source of 
Variance 
1-18** 

Qeee 


Drills 

Repoints 19-5 
875-6 
Residual os 97-6 | 16°5 


Total 

® Significant only at 12-5% level. 
*° Not significant even at 20% level. 
*°® Significant even at 0-1% level. 


TABLE VL. 


MEASUREMENTS OF TORQUE IN DRILLING EN 15 STEELS. 


Difference between means necessary for 


Mean Torque 
significant difference at 5% level. 


' 
oz.-ft. | 


oz.-ft. 


the threads of manganese segregation. Thus, as drilling 
proceeds, the segregates, if harder than the matrix, 
will abrade the cutting edge of the drill and reduce its 
working life. In confirmation of this theory, steel C, 
containing fewer and finer segregates, allows a very 
significantly (35°,) longer life to the drills than do 
steels A and B, both of which contain segregates greater 
in quantity and larger in size than in the former steel. 

For an interpretation of the power tests, it is necessary 
to consider the actual cutting action of the drill. As 
the cutting edge moves forward a layer of metal shears 
at right angles to the direction of motion of the edge 
(i.e., in this case parallel to the axis of the drill). The 
segregations, of low ductility and with sharply defined 
edges, will act as stress raisers, and will reduce the 
force required to cause shear. Thus, although the 
presence of segregations in steels A and B increased 
drill wear, it might be expected to reduce the power 
required for drilling, in conformity with the results 
obtained. 

It follows from the results described, that the presence 
of manganese segregations ‘n many types of steels, 
demonstrable only by the microradiographic technique 
will have to be taken account of by both steel manu- 
facturers and steel users, and may explain certain 
anomalous results in previous machinability investi- 
gations. In addition, the segregates will have very 
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BAND ©, 
| | 
ith Sth | otal | 
No. of Holes 
3 | c wz | A. | | 2B, se || | 
B, 7 66 | <A, 68 B, 71 373 | B, | 388 | 77-6 
| | | | 
| | 383 | 374 Syl | 382 | Total | 
* ' | | | 
Steel | 
A | 65-6 | 
; TABLE V.—ANALYSIS OF VARIANCE. 
Steel 
A | 1-3 
B | 1-0 | | 
( 1-7 
‘ 
1 
i 
( 
I 


harmful effects if they are present in material that 
has to roll or slide under load. In a ball or roller race, 
they could act as abrasives and stress raisers promoting 
cracking in service, and it is believed several apparently 
unsolved bearing failures in aero-engines may have 
been due to this cause. 


Composition of Segregations 


It has not been found possible to isolate or examine 
these segregations by micrographic or chemical means, 
but it has been possible, by comparison with standard 
microradiographs, to estimate that the segregations 
contain 10%, to 15°, of manganese. 

The standard microradiographs are shown in Fig. 8 
and Fig. 9. They are of two pieces of shim steel 0-002 in. 
thick, plated with thin layers of manganese. Half the 
area of each specimen was stopped off, producing a 
sharp step where the steel base is free from plating, 
and it is this boundary which is shown in the micro- 
radiographs. The heights of the steps, i.e., the thickness 
of the manganese plating, was measured by means of 
the “ Talysurf”’ surface-finish measuring instrument, 
and indicate that Figs. 8 and 9 show manganese plating 
20 micro-inches and 40 micro-inches thick respectively. 
A check on the thickness of the plating by determining 
the increase in weight of the sample after plating, and 
using the relation, 

Increase of weight 


Thickness of plating = - ; 
plated density of 


manganese 


gave rather smaller values for the thickness. This was 


in agreement with the fact, obvious to naked eye 
inspection of the specimen, that a certain amount of 
“ build up ” occurred at the edge of the “ stopping-off ” 


lacquer. 

The average diameter of the threads of manganese 
segregation, measured on the transverse microradio- 
graphs and corrected for magnification, is about 
220 micro-inches. Turning to the longitudinal micro- 
radiographs, the photographic density of a typical 
segregate may be estimated as intermediate between the 
densities given by the 20 micro-inches and 40 micro- 
inches of manganese plating. Thus, in a segregate of 
diameter 220 micro-inches, the absorption is equivalent 
to that caused by 30 micro-inches of pure manganese, 
and the volume percentage of manganese in the 
segregates is 


220 100%, 13-6°,. 


This calculation is not claimed to be more than 
approximate, especially in view of the difficulty of 
standardising photographic processes, but it is difficult 
to see how the general order of the result can be in 
error. The argument presented below, with regard to 
the behaviour of the segregations, will be valid over a 
wide range of compositions on either side of that 
calculated. 

If the manganese were present in the form of non- 
metallic inclusions such as silicates, microradiographs 
using nickel or copper K radiation would reveal them 
as less dense than the steel matrix’. As this effect is not 
/oserved, the manganese must be present either as a 

anganese rich solution or an intermetallic compound. 

Above the critical temperature range of the steel 
‘60° C.), and consequently of the segregates, these 
letter regions will be in the form of y solid solutions®. 
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Fig. 10.—Initial transformation temperature for gamma 
<= alpha and gamma == epsilon transformations. 
(Troiano and McGuire’.) 


On cooling to room temperature, this will transform to 
a mixture of “super-saturated a” plus and the 
relative amounts of these phases will depend on the 
quantity of manganese present and also on the rate of 
cooling. 

Fig. 10 illustrates the transformation temperatures 
found by Troiano and MeGuire®, in which the a produced 
on cooling will be super-saturated for the higher man- 
ganese contents. 

Cold-working has a profound effect on these phases 
and also on any y that may be retained. It has been 
shown® that this retained y will transform to “ super- 
saturated a” plus e-phase, depending on the amount 
of manganese present and also on the degree of cold- 
work. The e produced from y, after a moderate 
amount of cold-work, will further transform to “ super 
saturated a” on more severe cold-work. 

It was concluded by Troiano and McGuire that 
‘** super-saturated a’ and ¢« are the products of a 
martensite type of reaction’? and “exhibit all the 
typical characteristics of iron and carbon martensite.” 

Whichever of these end products is produced, how- 
ever, it is known that they are all hard and brittle and 
will certainly exert a profound effect on the true 
machinability of the steel. 


5 Walters, F. M. Wells, C. Gensamer M. and Eekal. J. F. * Alloys of Lron, 
Manganese and Carbon.” Trans. Am. Soc. for Steel Treat., 19 (1932), 577. 

6 Troiano, A. R. and MeGuire, F.'T. “ A Study of the Lron-rich Lron Manganese 
Alloys.” A.S.M., 31 (1943), 340. 
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Tensile Failure of Carbon and Stainless 


Steel Wires in the Presence of Water 
and Hydrogen Sulphide 


By J. E. Truman, Assoc. Met. 


(Brown-Firth Research Laboratories) 


Premature failure of both ordinary and corrosion resisting steels, in conditions of service 
involving the presence of hydrogen sulphide, have been investigated and tests carried out 


on a number of steels. 


It is shown that the combination of tap water and hydrogen 


sulphide at room temperature can produce a very considerable reduction in life of steel 
specimens stressed to 40°, of their maximum stress, although a chromium-nickel-molyb- 


denum stainless steel showed no visible attack up to 10,800 hours. 
described. 


ROM time to time, cases have been reported to 
these laboratories of the premature failure of steel 
equipment, including both ordinary and corrosion 
resisting steels, after exposure to conditions involving 
the presence of hydrogen sulphide, H,S. For example, 
in 1932 attention was drawn to the embrittlement of 
steels used in drilling oil wells when hydrogen sulphide 
was present. The role of stress in these failures was not 
then properly appreciated, but it was thought probable 
that corrosion in some way introduced embrittlement 
resulting in fracture on subsequent impact or bending. 
Tests were carried out with samples of carbon steel, low 
alloy Ni-Cr steel, 14°, Cr stainless steel, 18 2 Cr—Ni and 
Cr-Ni-Ti steels. Samples of in. thick plate 
were exposed for periods up to 7 days, at 80° C., to town 
gas containing about 10°, of hydrogen sulphide and 
saturated with water. The samples were not stressed 
during exposure, but were submitted to reverse bend 
and Izod tests at the end of the exposure period. No 
significant effect from the hydrogen sulphide was 
observed, 

More recently, the influence of hydrogen sulphide on 
stressed specimens was discussed in a paper by W. P. 
Rees'. The author quotes various cases, including 18 8 
Cr-Ni steel wire, used in a filter in the field and tested 
as individual wires in the laboratory, in which failure 
occurred in a matter of hours with only 40°, of the 
normal maximum stress. The laboratory tests were 
carried out in a moist hydrogen sulphide atmosphere, 
and removal of the moisture appeared to prevent the 
trouble. Similar failures in moist hydrogen sulphide 
were studied for 13°, chromium steel and for 65-70 ton 
carbon steel. The failures were considered to be due to 
stress corrosion. References were made to the presence 
of branching cracks filled with corrosion product in the 
case of flapper valve plates in 13°, chromium steel 
which failed without showing any general corrosion on 
the valve surfaces. 

A later article has referred to a paper by Bartz and 
Rawlins? on embrittlement and blister defects in steel 
tanks and pipes used by the petroleum industry. 
Liberation of hydrogen internally, as a result of corrosion 
by hydrogen su phide, was considered to be the cause, 
and the presence of oxygen and water was considered 


1 Notes on stress corrosion cracking of steels in the presence of sulphur com 
pounds institute of Metals, Symposium on Internal Stresses In Metals, 
147. 

2 Effects of hydrogen on the corrosion of steel, /ron Age, July 29th, 1048, p. 78. 


The investigation is 


necessary. Inclusions, laminations, heavy segregation 
and minute voids were indicated as favourable to the 
development of blisters. 


Details of the Present Tests 
The present tests were carried out on 26 s.w.g. wires 
of 5 different materials, the compositions of which will 
be found in Table I. 
TABLE 


COMPOSITION OF THE 26 8.W.G. WIRES USED 


c Si | Mn | Ni] Cu | Mo | 


o o o « | o 
0-64/0-036.0-033) Nil (0-02/0-06 
| 


1. Carbon Steel .. 


2. F.H. Steel 28 13-3 - | - 
PST. Steel - | 
1. Steel | 38 


5. FMB, Steel .. 


(1) Bright carbon steel wire, 90/100 tons tensile. 
(2) F.H. Softened 13°, chromium steel wire, hand 
emeried to free from scale. 


(3) F.S.T. 18 8  chromium-nickel steel, bright 
annealed. 
(4) F.D.P. 18.8 1 chromium-nickel-titanium steel, 


bright annealed. 

(5) F.M.B. 18/8/2! 2. chromium-nickel-molybdenum 

steel, bright annealed. 

A preliminary test was carried out in a moist hydrogen 
sulphide atmosphere on the carbon steel wire stressed 
to 40°, of its maximum stress (i.e., to 36 tons sq. in.). 
Moist hydrogen sulphide was passed for 8 hours daily 
and the stress was removed when the gas was not 
passing. No fracture occurred in 26 hours under stress 
plus 40 hours unstressed, although from the paper by 
Rees, we should have expected fracture in a few hours. 
The next tests were carried out with the wires partially 
immersed in water through which hydrogen sulphide 
was bubbled. This produced failure of the carbon steel 
in 15 hours stressed plus 16 hours unstressed, and this 
type of test was employed in the remainder of the 
work. 

The actual detailed procedure of test was to enclose 
a portion of the wire in a 6in. long x 2in. internal 
diameter glass tube, using rubber bungs to close the 
top and bottom of the tube. One-eighth inch holes 
were made for the passage of the wire and these were 
filled with paraffin wax to form a seal. Each tube was 
half filled with tap water, and the wires were stressed 
by hanging appropriate weights to a protruding end of 
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TABLE Il. 


CONDITIONS AND RESULTS OF TESTS ON WIRES STRESSED TO APPROXIMATELY 40°, MAXIMUM STRESS AND PARTIALLY IMMERSED 
IN TAP WATER WITH OR WITHOUT HYDROGEN SULPHIDE 


Time of Test (hours) 


Appearance of Wire 
Material J iti tons /sq. in, Applied Sulphide® loaded and Period Position of Fracture near Fracture 
tons /sq. in. with hydrogen of Test 
sulphide passing 
Severely corrode 
Fairly severely corroded 


Loc al ‘breakdown and 


Below water line 
At water line 


Max. Stress Stress Hydrogen | Specimen Total 
| 

| 

urbon ‘nsile | | 36 Present 

Steel | | None 


a 
P.H. Anneale of 3 Present | Just within the lower | 
Steel wax seal slight pitting 

Just within the lower | Local breakdown and 

None wax seal slight pitting 
Above water line Small patches of local 

breakdown 

U n Unaffected 


Anne: Present 299 


None 6,376 


Annealed ; Present 26 * 850 
| 


| 

| 

: Just within the | Very slight local break- 
3 | wax seal | down and pitting 


None 3,376 376 Unbroken Unaffected 


Annealed Pp resent 2,152 10, S00 U nbroke n Unaffected 


* Where indicated, present throughout the test, but passed through the solution only during the “loaded ” periods, 


the ratio of 25/1. Corresponding ratios for 13°, Cr steel] 
were 3/1 and 15/1. Figs. 1 to 7 illustrate for the 13°, 
Cr and the 18/8/1 Cr—Ni-Ti steels the form of fracture 
with loss of ductility and the type of attack in the 
presence of hydrogen sulphide. There is no apparent 
relationship of the corrosion or fractures to the general 
structure of the materials and, as indicated above, no 
evidence of the branched cracking generally understood 
as typical of stress-corrosion failure. The location of the 
fracture, accompanied by obvious corrosion, just within 


Fig. 1.—-Tensile test piece in 13°,, chromium steel. x 50 


the wire. One sample of each wire was tested in this 
way without addition of hydrogen sulphide, keeping the 
load continuously on to speed up the slower action 
under these conditions. A similar series was carried 
out with hydrogen sulphide slowly bubbling through the 
water for 8 hours daily, stopping the flow and taking 
off the stress daily and at week-ends between these 
8-hour periods. All the tests were carried out at 
ordinary room temperature. 
The results of the tests are given in Table Il. Figs. 1 pig, 2._Fractured sample of 13°,, chromium steel tested 
to 7 illustrate the appearance of fractured samples, without hydrogen sulphide. x 50 
with and without exposure to the test conditions. 


Consideration of Results 


It should be stated at once that in no case have we 
observed cracking of the stress corrosion type. On the 
other hand, in the presence of hydrogen sulphide, there 
is definite evidence of loss of ductility which, coupled 
with local corrosion, has led to the failure of all the 
materials, except 18/8/2'/2 Cr—Ni-Mo steel, in appre- 
ciably shorter times than would otherwise have occurred. 
In the case of 18/8 Cr—Ni steel and 18/8/1 Cr-Ni-Ti 
steel, the rate of attack in the absence of hydrogen 
sulphide was so slow as to be invisible even after more 
than 6,000 hours, and no fracture occurred. 
The reduction in time to failure was considerable in 
the case of the carbon steel where the total times in 
the tests carried out without and with hydrogen sulphide pig, 3. Fractured sample of 13°,, chromium steel tested 
were in a ratio of about 12/1 and the stressed times in with hydrogen sulphide. 
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the region of the seal, in the case of three of the alloy 
steel samples, indicates some access of the liquid between 
the seal and the wire. Corrosion occurred elsewhere, 
but breakdown of passivity may have been somewhat 
accelerated here due to oxygen screening. 

Similar general remarks apply to all the first four 
steels, except thet for 18/8 Cr—Ni and 18/8/1 Cr—Ni-Ti 
steels the corrosion was much less, being confined to 
small local patches of breakdown. No illustrations are 
given for 18/8/2!' 2 steel, because in this case no attack 
was visible and no fracture occurred up to 10,800 hours 
of test, with over 2,000 hours under stress. 


Conclusions 


The combination of tap water and hydrogen sulphide 
at room temperature can produce a very considerable 
reduction in the life of steel specimens stressed to 
40°, of their maximum stress. With the stress operative 
during one quarter of the longer exposure times, the 
reduction was to 8°, of the life without hydrogen 
sulphide for carbon steel, which broke in 31 hours, and 
to 30°, in the case of 13°, Cr steel which broke in 
504 hours. 18/8 Cr—-Ni and 18/8/1 Cr—Ni-Ti steels 
lasted between 1,000 and 2,000 hours, but in these two 
cases the specimens without hydrogen sulphide remained 
unbroken under continuous stress for over 6,000 hours. 

The indications were that the presence of the hydrogen 
sulphide produced more corrosion and a considerable 


Etched section through sample of heavier local 
chromium steel tested with 
350 


Fig. 4. 
attack near fracture of 13°, 
hydrogen sulphide. 


Fig. 5.—Tensile test piece in chromium-nickel-titanium 
steel. 


Fig. 6._-Fractured sample of chromium-nickel-titanium 
Steel. tested with hydrogen sulphide x 


Fig. 7. Etched section through fracture of chromium- 


nickel-titanium steel sample tested in hydrogen sulphide. 
x 350 


loss of ductility, but in no case were the branched 
cracks, normally associated with stress corrosion, 
observed. The actual penetration and extent of attack 
did not appear to be very great in the case of 18/8 
Cr-Ni and 18/8/1 Cr—Ni-Ti steels. 

18/8 2! 2 Cr-Ni-Mo was superior to the other 
materials, suffering no visible attack and showing no 
signs of fracturing up to 10,800 hours. 
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Correction 
WE regret that a typographical error occurred in the 
article on “Solders and Soldering: Some Recent 
Advances,” by H. C. Watkins, which appeared in the 
December issue of METALLURGIA. On the 17th full line 
of type, on p. 373, right-hand column, the melting point 
of the zinc-aluminium eutectic is given as 354° C. instead 
of 384° C., which lines up with the figure of 382° C. given 
in the footnote. 
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Cylinder Heads For Sleeve-Valve 
Aero Engines 
By J. Hinde, F.I.M., M.Inst.W. 


With the ever increasing power demanded from the sleeve-valve aero engine, considerable 


changes have been necessary in the design and construction of the cylinder head. 


The 


author traces these developments and discusses some of the problems involved in the manu- 
facture of a fabricated two-piece head. 


valve type the cylinder head is necessarily of a 

design rather different from that usual in other 
internal combustion engines. The head not only forms 
the “ roof ” of the combustion chamber, but also seals off 
the ports of the sleeve during the combustion cycle, as 
illustrated in Fig. 1. To do this the body of the head 
must protrude far into the cylinder barrel. This means 
that the combustion or flame face of the head, which is 
one of the hot zones in the engine, is in a position most 
difficult to cool by air flow. 

This problem of cooling the head involves, of course, 
design appropriate to the requirement of getting an 
adequate supply of cooling air to heat-affected areas. 
It involves also the choice of a material, or combination 
of materials, with good thermal conductivity and, as in 
all aero-engine components, a satisfactory strength / 
weight ratio. 

The development of the present type of cylinder head 
is a story of keeping pace with the increasing power 
demanded from the engine. The strength of the head 
has had to be maintained without undue weight increase. 
The thermal conductivity has been increased to dissipate 
more quickly the greater heat generated by the higher 
powers, whilst at all times the mechanical aspects of heat 
dissipation and air flow had to be considered. From the 
original head, which comprised a one-piece sand casting 
in aluminium alloy, has evolved the later two piece 
component of copper and steel construction as illustrated 
in Fig. 2. The metallurgical aspects involved in this 
evolution are those mainly now to be considered. 


| the modern air-cooled radial engine of the sleeve- 


Stages in Head Development 


The original head, a one-piece sand casting in Y alloy, 
had seven effective cooling fins across the direction of the 
air flow. These fins were connected by a central 
“ deflector ” to help guide the air stream. The fins were 
later made radial and of closer pitch, which increased the 
strength and cooling area of the head. The end of this 
phase of the development saw the cylinder head as a 
die-casting in Y alloy, still in one piece. The spark plug 
adaptors were in stainless steel of the D.T.D.49B type, as 
the original aluminium bronze was attacked by the 
leaded fuels by then in general use. Concurrent with 
these changes were improvements in the designs and 
materials of the cylinder head rings, the sleeve and the 
barrel. 

By now the cooling surface area of the head was nearly 
600 sq.in. Still the heat dissipation was not sufficient 
for the ever increasing power being developed from the 
engine. As further increases in fin area were not 
practicable, a radical change in design was made with 
the introduction of the “ two-piece’ head. The head 
now comprised a separate “ base” and “ body ” fitted 
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1. CYLINDER BARREL. 

2. SLEEVE PORT. 

3. CYLINDFR HEAD RINGS. 
7 INDUCTION BELT. 


4 CYLINDER SLEEVE. 
5S. CYLINDER HEAD 
6. CYLINDER INDUCTION PORT. 


Fig. 1.—-Cylinder assembly. 


together by shrinking. Each was a die casting in Y 
alloy. The top or body of the head still had the radial 
fins characteristic of the single-piece head. The fins in 
the base were parallel and ran front to rear ; they had a 


pitch of only 0-15 in. This design increased the fin 
cooling area by about 150 sq. in. and yet reduced the 
overall weight from 10 to 941b. Eventually an even 
closer pitch of 0-12 in. was obtained in the base, which 
gave another 50 sq. in. of cooling area, the total of which 
had now reached 777 sq. in. This head, which markedly 
reduced head temperatures, and so cooling power losses, 
was produced in huge quantities for the many Bristol 
Hercules engines used during and since the last war. 

In spite of the pronounced success of this head, the 
relentless development of increased power began to 
demand something even better. For this further 
development the Y alloy casting was not sufficiently 
strong, nor was the heat dissipation enough. Many ideas 
were considered, the details of which we need not 
introduce, but they ranged from a complete bronze head 
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Fig. 2. Development of head design. 


to a variety of copper inserts let into the base of the 
standard two-piece head. The outcome of all this was 
the development of a “copper” base to replace the 
aluminium one and a steel body without fins. 

The complete bronze head was three times as heavy as 
the standard aluminium alloy one, but largely because of 
its better thermal conductivity it ran some 30° C. lower. 
However, the weight penalty was too great. The various 
copper inserts did reduce the temperature in the spark 
plug zone at the centre of the base, but mechanical 
properties were not improved and there were production 
difficulties. 

Fabricated Two-piece Head 

The so-called copper base used in the latest develop- 
ment was actually a copper-chromium alloy characterised 
by the specification properties compared with those for 
Y alloy in Table I. 


rABLE 1, 


Copper Chrome Alloy, 


Copper Chromium 0-45 
Nickel 2 
Magnesium 1-7", 

max 

on 


Rane 


Solution treat 
minutes soak, water 
quench, Age 

S hours soak, air cool, 


Solution treat Jue 
1 hours seak, air cool 
Ave in boiling water 
for 2 hours 


21 toms sq. in. tensile 
with 20°, 
elongation. 


Minimum 1S tons sq. in, tensile 
mechanical strength with 1°, 


properties 


Thermal 


conductivity 

Coeflicient of 25-5 lit 

expansion 

The original base was some 0-5in. thick with radial 
fins and screwed into the steel top. The spark plug 
adaptors were in Monel metal and the rings carried 


Fig. 3._-Section through copper-chromium base head. 


directly in grooves in the copper base. These ring 
grooves wore too rapidly and a cast-iron ring carrier was 
evolved to be shrunk onto the base. The copper alloy 
was markedly attacked by the products of combustion 
but nickel plating was found to afford the necessary 
corrosion protection. Although weight was still a very 
troublesome factor, the general thermal and other 
characteristics were considered very satisfactory. 

A reduction in weight was achieved by fabricating the 
copper fins as a separate unit and the first standardised 
design so produced. This comprised the copper- 
chromium alloy base, 0-35in. thick, with a rolled-on 
nickel layer of some 0-020 in. on the flame face ; this 
composite material was directly shaped by pressing into 
the required base form. To this base was brazed a fin 
pack made in O.F.H.C. copper to give a cooling area of 
740 sq. in. The joint between the base and shell, first 
made as a screwed one, when sealing difficulties were 
encountered, was ultimately brazed. This head was only 
34 lb. heavier than the standard aluminium alloy two- 
piece one, but the base was still not strong enough for 
the powers envisaged. The base was therefore thickened 
to obviate the “ panting ” known to occur with these 
higher powers. 


Manufacturing Procedure 


Manufacture of the original experimental batches of 
these “fabricated heads’ indicated many potential 
difficulties in the way of quantity production. The most 
serious of these lay in the accurate lining up of the fin 
pack, base and steel body for their simultaneous centri- 
fugal brazing. A major advance in quantity production 
technique was the development of a method of milling 
the fins integral with the base. The machined fins had a 
pitch of 0-14 in. with a base thickness of some 0-40 in. 
A cross section of this latest type head is illustrated in 
Fig. 3. 

The raw material of the base was produced as a 
stamping from which the component, including fins, 
flame face profile, ete. was machined. Rolled-on nickel 
was no longer possible, and a satisfactory method of 
nickel plating the flame face to a depth of -O10 in. had to 
be worked out. The quality of this nickel plating 
provided a serious problem, since the finish had to be 
very good and adhesion, under service conditions, beyond 
question. Any defect in the plating was soon exploited 
by the combustion gases as illustrated in Fig. 4. If the 
plating became detached during running, the effect on an 
engine would be most serious as the edge of the nickel 
would probably become incandescent and so set up pre- 
ignition. For these reasons a very high standard of 
inspection was imposed on the plated bases. 
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The nickel plating solution and operating conditions 
are given in Table II, and the anode and cathode 
arrangements are illustrated in Fig. 5. The attachment 
of the base to its holder is illustrated in Fig. 6 which 
shows also the same assembly after waxing and cleaning 
the flame face ready for plating. The solution is 
continuously filtered and, of course, freedom from 
contamination maintained at ail times. 

TABLE II.—CONTROL DETAILS FOR NICKEL 

PLATING VAT. 


Nickel content 40/45 grams per litre 


Chloride content 12/15 grams per litre 
Boric acid content 24 grams per litre. 


pH (Electrometric) 1-8 /5-0 


Temperature 
Current Density. 40 amps. /sq. ft. 
Plating Time. 16 hours. 


Cleaned air at 5 p.s.i. 


Continuous, 


Agitation. 
Filtration 


The cleaning and pre-treatment before plating is of 
paramount importance and is in two stages. Before 
assembly in the plating jig the base is thoroughly de- 
greased in trichlorethylene vapour and then etched in 
cold 50°, hydrochloric acid for 15 minutes, cold-water- 
swilled and dried in an air blast. After assembly and 


Fig. 4.—Attack on copper-chromium at fault in nickel 
plating. 100, 
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waxing only the area to be plated is, of course, exposed, 
and the first operation is to clean with a cloth moistened 
with trichlorethylene. Due precautions in regard to 
fumes are taken during this operation. The exposed face 
is then thoroughly swilled and scoured with pumice 
powder, until the operator is satisfied there is no “ water 
break.” The next stage is anodic etching in 30°, 
sulphuric acid, used cold, for 3 minutes followed 
by immediate reversal of the current and cathodic 
etching for 1 minute. The base is then swilled under a 
high-pressure water jet, scoured and thoroughly washed 
in running cold water before finally giving a quick dip in 
a nitro-sulphuric acid solution (4 parts water, | sulphuric 
acid and | nitric acid by volume), a thorough swill and 
then immediate transfer to the plating vat. Each base is 
made “ alive” before immersion in the plating vat and 
the current density finally adjusted when the vat loading 
is completed. 

After plating, the bases are removed, swilled, de-waxed 
and trichlorethylene vapour degreased. The nickel 
plating is examined for any obvious faults. A diffusion 
heat-treatment follows, which at present comprises a 36 
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CATHODE BARS WITH INDIVIDUAL CONTROL, 
TWO BASES ON EACH BAR FACING FARTHER 
ANODE AND EACH PAIR SET ALTERNATELY 
HICH OR LOW IN PLATING SOLUTION, 


Fig. 5.—-Layout of nickel plating vat. 
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hour heating period at 550° C. in 
an atmosphere of nitrogen. This 
treatment has been found the best 
for ensuring satisfactory adhesion, 
since diffusion between nickel and 
copper takes place as illustrated in 
Fig. 7. This particular diffusion 
treatment was selected after much 
development work with variations 
in time and temperature, from 
short periods at temperatures as 
high as the solution heat-treat- 
ment for the copper-chromium 
alloy (1,050°C.), and actually 
quenching and then re-ageing, to 
several days at temperatures of 
about 300°C. The use of protect- 
ive atmospheres or box-packing in 
neutral materials such as 
kieselguhr was found necessary. 
Bearing in mind the maintenance 
of the mechanical properties of the 
copper, consistent with observed 
results on the quality and ad- 
hesion of the nickel plating, a 36 
hour period at 550° C. in nitrogen 
has been found to be the best 
diffusion treatment. 

After this heat-treatment the 
nickel plating is lightly polished 
and again visually examined 


for local blisters or 


other faults. The bases are then subjected to a magnetic 
examination to show up any cracks, especially in the 
region of the spark plug holes, an area known likely to be 


Fig. 6.—Bases before (right) and after (left) waxing. 


Fig. 7.—-Diffusion between base material and nickel plating. 


affected. Finally the base is mounted on a special 
rotating fixture and the whole area “tested for ad- 
hesion ”; this is based upon an electrical conductivity 
test and serves to show any discontinuity between the 
nickel plating and the copper base. 

After these searching tests, the base is brazed into the 
steel body. This operation is carried out using a low 
melting point silver solder, which necessarily involves 
temperatures in excess of 630°C. for a short period. 
During the operation, the flame face of the base is heated 
by a gas flame, and this in itself provides a further test of 
the quality of the plating: trouble was frequently 
encountered at this stage, in the initial process. How- 
ever, with the introduction of the diffusion treatment 
and the high standard of inspection on the bases, 
rejections are now very few. None the less, the base is 
again subjected to the closest visual examination and the 
adhesion test repeated. 
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Rush Job 


GIVEN three weeks in which to make a 10-ton gear 
wheel, a replacement urgently required by a firm of 
sugar manufacturers in Mauritius to enable them to 
deal with this year’s sugar crop, David Brown-Jackson, 
Ltd., of Manchester, completed and despatched the job 
in 14 days. Machine moulded in cast steel, the wheel is 
of 13 ft. 6 in. diameter and has a 20-in. facewidth. 
Dividing was carried out on special machines developed 
by the Company several years ago and the pitch and 
finish of the teeth are excellent. 
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Creep Properties of Some Aluminium 


Alloys at Temperatures up to 300 C. 
By J. McKeown? D.Sc., M.I.Mech.E., F.I.M. and R. D. S. Lushey? 


(Communication from the British Non-Ferrous Metals Research Association) 


In this article the results of a series of tensile and creep tests on a number of aluminium 


alloys are given. 


The materials included three wrought and seven cast alloys. 


Although 


there are appreciable differences at 100° C., as the temperature is raised, the differences 


in creep resistance decrease. 


The order of superiority is not the same throughout the test 


temperature range. 


request of the Principal Director of Scientific 

Research (Aircraft), Ministry of Supply. The 
tests were made on creep units designed and constructed 
in the Association’s laboratories at an early stage in the 
development of the equipment and testing procedure 
described in a separate paper,’ so that in some respects 
the test conditions in the present work did not conform 
with those now employed. In particular, the testing 
procedure used in this early work did not yield sufficiently 
aceurate values for the elastic strains on loading and, 
consequently, the total strain—i.e., elastic plus plastic, 
is quoted in recording the results of the creep tests. 


1 NHE work described below was carried out at the 


Materials 


The materials tested were selected, and in some cases 
provided, by the Ministry of Supply. The composition 
of the materials and the form in which they were pro- 
duced are set out in Table 1; they consisted of three 
wrought and seven cast materials. The heat treatments 
given the bars prior to machining the creep and tensile 
specimens are given in Table II. 

Tensile tests were made, on all test alloys except 
D.T.D. 424, by the procedure recommended in B.S. 
1094: 1943, at room temperature and at the elevated 
temperatures used in the creep tests, with the results 
given in Table ITI. 


Creep Test Procedure 
The type of creep specimen used in these tests is shown 
in Fig. |. The extensometer is attached to the screwed 


B.N.F.M.R.A,. Report R.R.A, 873P. The work described in this paper was 
made available to members of the British Non-Ferrous Metals Research 
Association in a series of confidential research reports issued over the 
period 1944 to 1950, 

+ Head of Mechanical Testing Section, British Non-Ferrous Metals Research 
Association. 

t Research Assistant, British Non-Ferrous Metals Research Association. 


TABLE 


TABLE II 


Material 
Solution treated 3 hours at 510°-525° C., quenched in 
boiling water, aged at room temperature. 
| Solution treated $ hour at 520° + 5°C., quenched in 
water at 20° C., aged 12 hours at 145° + 5° C. 
Solution treated 2 hours at 530° C., quenched in water 
at 70° C., aged 16 hours at 170° C, 
Solution treated 4} hours at 520° C., quenched in water 
at 95° C., aged 2 hours at 100° C, 
None. 
Solution treated 7 hours at 515° C., quenched in water 
at 40° C., aged 12 months at room temperature. 
Supplied in heat-treated condition, 
None. 
. | 16 hours at 160° C., cooled in air. 
| None, 


Forged Y-Alloy 
Extruded 258 
Forged D.T.D. 130A 
Cast Y-Alloy .. 


D.T.D. 424 
B.A. 42 .. 


D.T.D. 300 
D.T.D. 165 
D.T.D. 133C .. 
B.8.8, 2L33 .. 


to the parallel length—i.e., 5 in. The extension of the 
specimen could be determined to + 0-0001 in.—i.e., the 
strain could be determined to + 2 x 10°. In a test of 
1,000 hours duration, the average rate of creep could be 
determined to 1 x 10-7/hour or better. 

Uniformity of temperature along the gauge length of 
the specimen was within 2° C., while the test temperature 
was kept constant throughout the test period to + 1° C. 
Before the load was applied the specimen was held at the 
test temperature for 40 hours. 

Extensometer readings were taken immediately before 
and after the load was applied, then at 1 hour and at 
5 hours, and daily from this time onwards. 

During the tensile tests referred to above, attempts 
were made to determine the value of Young’s Modulus 
at each test temperature, using a modified Lamb's 
Roller Extensometer. These were not satisfactory for 
the following reasons :— 

The heating up period of 1 hour, followed by the 
soaking period of | hour (as recommended in B.S. 1094 : 
1943), was insufficient to obtain constancy of specimen 
temperature to the close limits necessary to enable strains 
to be read with the required accuracy. The coefficient 


I. 


Cast 
Material 


Composition °%% 


Form of 
material before 


or 
Wrought 
Y-Alloy Forged 
25 8 Extruded 
Forged 
Cast 
Cast 
Cast 
Cast 
Cast 
Cast 
Cast 


D.T.D.1304 
Y-Alloy 
D.T.D.424 
B.A, 42 
D.T.D.300 
D.T.D.165 
D.T.D.133 


B.S.8, 2L33 


Mn 


1 in. dia, rod 
18 in. dia. rod 
Keel bars 
Keel bars 
Keel bars 
Tapered bars 1 in. dia. 
Keel bars 
Keel bars 
Keel bars 


*Determined Spectrographically, 


January, 1951 


n.d, not detected. 


. 
4 
ends and the effective gauge length was taken as equal we Sa 
1 Metallurgia, Sept., 1950, 42 (251), 189-196. ay 
| | 
| 
cu | Mg si Fe | = Ti | | diff. machined 
426 | | ode | — | — | 90-57 in, dia, rod 
| 418 0-08* | | nd® nd® | 93-87 
2-16 0-96 | O92 1-00 | 0-09 | — | 93-72 | 
4°38 1-77 | O47 | | |} 0-006 | 2-21 
2-56 0-02" | 5-06 0-59 | O19 trace® 91-11 
1-15 1-30) 12-6 (0635 — 1-65 one 82-95 
0-03 10-3 | O15 | 0-005 0-02 n.d® — | 80-4 
| 4-48 | 2-17 | 1-08 0-09 0-16 0-94 0-05 93-88 | 
| 0-06 | 12-3 0-007 | 87°31 
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Fig. 1. Arrangement of specimen, grips and 
extensometer for creep testing. 
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Fig. 2. Stress creep extension at 1,000 hours at 100° C. 
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Fig. 3. Stress—creep extension at 1,000 hours at 200° C. 


of expansion was high in all the materials and a change 
in temperature of only 1° C., during the determination 
of the elastic line, was sufficient to produce a marked 
change in the apparent value of the modulus. Thus 
when the limit of proportionality was, say, 1 ton/sq. in., 
if the true modulus was 8 x 10® Ib./sq. in., the elastic 
2,240 
108 

2-8 x 10-4. A rise in temperature of 1° C. in the speci- 
men, during the determination of the limit, produced 
an extension by thermal expansion corresponding to a 
strain of about 0-28 x 10-4, or 10°, of the elastic strain, 
and a corresponding error in the value of the modulus. 
In practice it was not found possible, in the tensile tests, 
to control the temperatures to better than +4 2° C., and 
in consequence serious differences were observed in the 
values of the modulus in duplicate specimens. 

As a result, the values given for the creep strain in the 
records of the test are those of total strain—i.e., plastic 
plus elastic. 


strain at the limit of proportionality was 


Results of Creep Tests 


The results of the creep tests are given in detail in 
Table IV, in which for each material at each temperature 
of test the total strains at a number of times up to 1,000 
hours are shown for the stresses used. 

To facilitate comparison of the various materials, the 
diagrams in Figs. 2, 3 and 4 have been prepared. These 
show the total extension at 1,000 hours plotted against 
the stress for the three test temperatures 100°, 200° and 
300°C. In these diagrams the wrought alloys have been 
separated from the cast alloys. 

There are appreciable differences between the creep 
re istance of the materials at 100°C., but, as the 
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Fig. 4.—Stress—creep extension at 1,000 hours at 300° C. 
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5.—Temperature—stress to produce minimum creep 
of 1 x 10° strain per day ( = 4.2 x 10°? per hour). 
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TABLE IV TABLE IV—Contd. 
Rate of | Rate of 
Total extension, %, at hours ereep at Total extension, % at — hours tes 
Test | Stress 1,000 hrs. | Test | Stress | 
Temp.) tons | Strain /hre. Temp.! tons | | | Strain, br. 
Material sq. in. 100 200°) 400 | G00 | 800 [1,000 lo Material | °C. | Sq. in. Initial] 100 | | 200 | 400 600 | 800 |1,000 _x 
D.T.D. S00 100 2-5 -O18/0- O-115/0- 17 -120/0- 123'0-126 1-3 
| 100 12-5 39210-3904 1-0 (R.R.AL | | 3-5 1040-107 2-2 
Y-Alloy | 15-0 414)0- 422 0-425/0- 428 440 20 | | 5-0 142)0- 147/0-153)0- 160/0- 174 4-6 
651) 150 0-5 282)0- 388/0- 413 12-6 
5-0 LDS 1400-145 0-154/0- 160/0- 165 0-173 2-8 | 1-0 616|0- 647 14-7 
20000 217)0- 2800-312 0-345 16-0 1-5 629)0-770,0- 846)0- 891 12-5 
0-055) 0-063 0-070 0-078 3-7 | 021 194 34l0- 299)0- 340/0- 341 
(0270-102 50-0 min, | 1-0 478/0-542/0- 604 
rate. 3rd | 1-5 |0-136/0- 362 0-674 
stage com- 7 
menced at 250 0-5 (0-005)0-117/0- 143/0- 17210: 185/0- 275|0-371 
750 brs. 75/0-026/0- 294 0-365,0 3/0- 805)0- 909) 1-073 
2-0 1-650 Broke in 216 hrs. 1-0 (0-03310-70 [0-95 [1-53 79 |4- — 
| Extension, 1-9°, Creep curves showed discontinui- 
" | ties for which no satisfactory explanation has 
OS 0-253 4470-770) Broke in S15 hrs. - - 
Extension, 1% DTD. 165) 7 .29610- 303|0- 
- CR.RLA, -446/0-467/0- 
(ust too 12-5 324 0-324)0-524 nil 715) 6140-6 15-3 
Y-Alloy | ren in 1 min. 21-2 
K.RLA lo Broke in 200 hrs. soaked for 
179-212 2250-238 287 xo | test temp. 
Broke in 5 mins, | | | | before 
“4 
- | | | testing 
1-0 (0-022 0-100 134 200 2 {0043/0 -092)0- -Liglo- 171'0- 209 
Extension, 4°9% | 4 LO4/0- 260/0- 366 668 3)0-917 
we 1-003 0-035 0-05000-088 | | Extension, creep rate 
Extension, soo 070/0- “O84 094 103 45 
424) 253/0-255 0-257 0-260 0-263 1-4 | 022)0- 186)0- 264)/0- 375)0- 96) 35-0 
” 1-522 Broke in | 7 230/0-231/0-233 2)0-245/0-250 2-2 
6-0 445) Broke in 2) brs 5 149|0- 170\0- -180/0-192/0- 203'0-211/0-221) 5-0 
soo 0-038 O-062 0-071 0-078 4-1 | noo O11|0- 2-0 
1-0 5-2 | 1-0 O40)0- 046 0-053/0-061/0- 069/0- O76)0-084 3-6 
135 Broke in 240 hrs. 11-4 min. | 1-5 0-048) 0-064)0- O80/0- 168 10-4 
} Extension, 015%, creep rate 
| | Broke in 144 hrs. } 235 min, lm 3 167\0- 174)0- 181 187 190 1-6 
| | Extension 0-67% | ereep rate 2L33 0-651 675 6-0 
| (approx.) (R.R.A. | 5 1-801] — - >35 
- 741) — in | 
im | 6 340 3-0 | | ixtension, 15°, 
iw 442 0-506 0-572 0-645 0-722 32-5 | 1 -O27/0-075 0-08 10-087 1-6 
2 O- 0-067 0-076 0-088 0-095 0-102.0 107} 8-5 2 2 7S 339)0- 377|0- 4050-432 14-0 
| O-067 1510-170 204 | | 3 (2-17 3 6-1 Broke in 600 hrs. 
0-155)0- 1940-202 0-420 0-581 0-700 | | | | Extension, 11% 
Specimen broke in approx. | O-5 016/0- 048)0- 069/0- 079/0- O88 0- O98 
} hrs. Extension, 6+ 7° | 1-0 22-3 
= } | 2-0 |o-360 Broke in 16 hrs. 
1 152 0-156) 2-0 | | nsion, 20% 
1-5 (0-047 0-007 0- 1140-139 0-152 166 0-176) - - - - 
O-O740-56 (0-50 [1-20 (2-12 3-58 236 low alo- -182)0- 185 = 
258 0-375] (R.RLA, | : 0-5 
Eifect of | | anodised 763) 18 0-425'0- 4; 3)0- 4155/0: 457 
Anodising 395) 4-5 un- 20 -516/0- 518/0- 520 1-0 
| 200 6 178/0- -192/0- 196/0- -200/0- -205 1-9 
0-204) 10-0 un- 12 )-298/0- 384) 0: 467| Broke in 330 hrs. 61 min. 
protected | | Extension, 26% creep rate 
1-5 | | 6-9 1-0 (0-030, 0-046)0-052/0- 0-066/0-071,0-075 1-5 
0-176) 7-0un- 5 160)0- 192/0-225 16 
rrotected - - Broke in 960 hrs. 
| | Extension, 26° 
” 20000 2038/0 207)0- 20810 209000 209) og 
4 temperature is raised, the dilerences decrease. This 
ixtension, O- 21°, 
— point is illustrated clearly by Fig. 5, where the stress to 
3 O-082 102 107 1s 
5 |o-215/0-170/0-189/0-306 Rroke in 590 hra. | 9-6 min. produce a minimum creep rate of 1 x 10 strain per day 
| 4-2 x 10°? hour) is plotted against temperature. 
; 165 0-273 0-327 roke in 300 brs, 54 min. 
Extension, 38% | erweprate At 100°C. the stress ranges between 3-5 tons /sq. in. and 
noo 0-042 0-054/0-076 0-099)0 1150 116 over 20 tons Sq. In., W hile at 300 C. the range is from a 
value practically zero to about 1-2 tons/sq. in. The 
Sroke in 2 hrs. i th 
Extension, 1-23%% crossing of some of the curves in Fig. 5 shows that the 
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order of the materials in respect of their resistance to 
creep is not the same throughout the test temperature 
range. 

Another point worth noting is that the values of the 
(-1°%, proof stresses given in Table III are, even at 
100° C., stresses which, if applied in a creep test, would 
give rise to appreciable and apparently continuous creep. 
At 300° C. the 0-1°, proof stress would cause fracture in 
times less than 1,000 hours if applied in the creep test. 


It is thus clear that the 0-1°, proof stress, determined 
at a temperature of 100° C. or higher, gives no indication 
of the allowable stress for low creep rate and long life at 
the temperature. 
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Amalgamation of Metallurgical 
Organisations 


The Editor, METALLURGIA, 
Sir, 

Many metallurgists will have been concerned recently 
to note the appeal being made to industry by the 
Institute of Metals for financial assistance. The thought 
that this important body is not able to live within the 
means provided by its increased subscription rate and 
other existing sources of income is disturbing. Particu- 
larly is it disturbing to a member of many years’ standing 
to note that the increasing cost of the services is develop- 
ing at a time when many metallurgists are withdrawing 
from membership or contemplating such withdrawal as 
a means of reducing the costs of their professional 
societies. 

Those of us who are members also of the Iron and 
Steel Institute are aware that the financial position of 
that body is not as easy as we should like it to be, 
particularly in view of recent resignations and contem- 
plated resignations. 

In addition to the two bodies mentioned above, 
metallurgists generally feel that they must be members 
of their professional institution—the Institution of 
Metallurgists. 

It is time to realise, Sir, that the cost of membership 
of the three bodies is beyond the purse of most younger 
metallurgists and of many who are not, by any means, 
in the lower income groups. It is also time to consider 
whether the profession is making the best use of the levy 
which its members are able to pay in trying to maintain 
three separate organisations to meet the requirements 
of a profession which is not, by appropriate standards, 
a large one. 

The writer, and many friends in the profession, have 
felt for some time that serious thought should be given 
to meeting all the requirements of British metallurgists 
by one organisation, on the well established pattern of 
our engineering colleagues. 

The excellent work done in the past by the Institute 
of Metals and the Iron and Steel Institute is recognised 
very widely. The very young and lusty Institution of 
Metallurgists has already made its presence felt and 
shown the value of the functions it performs. All of the 
services performed by these bodies are required by the 
profession, but the difficulties of the times in which we 
live demand that these services, if they are to be main- 
ta ned, must be provided in the most economical fashion. 
It is extremely doubtful if this requirement is met by 
m.intaining three separate organisations. The writer 
‘uld appeal to the governing bodies of the three 
Institutions to give full consideration to the possible 
economies of amalgamation before the economic diffi- 
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culties of the times operate to imperil or curtail the 
valuable service which all three provide. 

Yours faithfully, 

F. H. KEeatine 

Imperial Chemical Industries, Ltd., 
Billingham Division, 
Billingham, 
Co. Durham. 


3rd January, 1951. 


Heat-Treatment Service 


COMPREHENSIVE heat-treatment service has 
been established by Heat Treatment & Brazing 
Co., Ltd., Sir Richard’s Bridge, Walton-on-Thames, 
Surrey. The service covers bright annealing of ferrous 
and non-ferrous parts ; hardening and bright hardening 
of steel and alloy steel parts ; copper brazing and low 
temperature brazing in continuous controlled atmosphere 
furnaces ; box, liquid and gas carburising ; hardening 
and tempering of high-speed steel tools ; heat treatment 
of aluminium alloys ; surface hardening, local hardening, 
brazing and tool tipping by high-frequency induction. 
To handle this wide range of heat-treatment work, in 
large and small quantities, modern equipment has been 
installed which includes muffle furnaces, electrode salt 
baths, batch and continuous controlled atmosphere 
furnaces, and high-frequency induction and_ brazing 
equipment. The work is under the direct supervision of 
a staff of many years’ experience in all classes of heat 
treatment. Highly skilled metallurgical advice is also 
available, together with the necessary testing equipment. 


Early Elliott Instruments 


BrotHers (Lonpon) Lrp., who this year 
celebrate their 150th anniversary, are compiling an 
authentic record of their activities and would like to 
hear of the whereabouts of Elliott instruments made 
during the 19th century. 

The firm, which was founded by William Elliott in 
1800, originally made drawing and surveying instruments 
and acquired the business of Watkins and Hill about the 
middle of the last century. The available catalogues 
show that their products included many types of optical 
apparatus as well as early electrical apparatus which 
was supplied to the early experimenters. The company 
developed a calculating machine known as the arithmo- 
meter and, towards the end of the century, supplied a 
wide range of electrical indicating and _ recording 
instruments and telegraphic apparatus. 

Unfortunately, many specimens of this old apparatus 
and interesting photographs were destroyed during the 
war and the company would welcome any information 
about their early products. Correspondence should be 
addressed to: Mr. A. H. Attwood, Elliott Brothers 
(London) Ltd., Century Works, Lewisham, 8.E.13. 
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Plant Reorganisation at the 


Works of 


the Consett Iron Company Limited 


Under the development plan of the iron and steel industry, the Consett Iron Company, in addition 
to the production of steel plate, sections and billets for re-rolling at its Jarrow works, is to provide 


slabs, blooms and billets for the re-rolling and finishing sections of the industry. 


In order to fulfil 


this new role, considerable extension and modernisation have been necessitated in all departments 
of the works ; reference to these changes is made in this brief account of the plant. 


taking that has been in the forefront of efficiency 

for over 100 years, is having its production 
pattern completely altered by what is probably one of 
the largest iron and steelworks reconstruction schemes in 
the world. The main output of the Consett works is in 
the form of steel plate, much of which finds its way into 
the N.E. Coast shipyards on the Tybe, Wear and Tees. 
Sections and billets are also rolled at Consett, the bulk 
of the billet output going to the Company’s semi- 
continuous bar and strip mill at Jarrow. 

Apart from generally increased production, Consett 
has a specific task under the industry’s development 
plan. It is to close two gaps in the national production 
of steel by (a) the provision of slabs for the medium 
width strip rollers, and (b) the provision of billets for the 
re-rollers, drop forgers, and others at the finishing end of 
the industry. As a result of these gaps, over 300,000 
tons of slabs, blooms and billets were imported into this 
country in 1949. 

To meet these requirements, a new combined slabbing 
and blooming mill (which will replace two separate 
mills) and a continuous billet mill are being erected at 
Consett and are expected to come into operation at the 
beginning of next year. The operation of these mills 
will necessitate a greater steel ingot production, based 
on increased iron and coke produc- 
tion. At the same time, increased 
power will be required for the mills 
and auxiliaries. During the last few 
years, while preliminary work on the 
rolling mill developments was going 
on, steps have been taken to adapt 
the entire works to the increased 
demands which will be made upon it. 

Coke production has been almost 
doubled, rising from 8,400 tons to 
16,500 tons per week; iron pro- 
duction has risen from 5,500 tons to 
9,200 tons per week (which will be 
further increased to about 14,000 
tons per week in a year or so); 
steel production has increased from 
7,500 tons to 12,000 tons per week ; 
and the largest and most modern 
industrial steam and electricity 
station in the country has been 
brought into operation. None of the 
production figures quoted represents 
the full capacity of the plant ; the 
final limiting factor is the con- 
sumption rate of the rolling plant, 
which will be greatly increased when 
the new mills come into operation 


Tia Consett Lron Works, Co. Durham. an under- 


Coke Oven Plant 


At the Fell Coke Works, which is adjacent to the steel- 
works, the 16,500 tons per week production is achieved 
in two batteries comprising 60 Wilputte Regenerative 
Ovens and 54 Becker Compound Ovens. The Wilputte 
battery was the first all-silica battery in Europe and 
is still operating efficiently, although it is 26 years old. 
The Woodall-Duckham Becker battery, which came into 
operation in June, 1948, is heated by blast furnace gas. 
The coke oven machinery, by Wellman Smith Owen, is 
of the most modern design. 

The coke output is screened to separate blast furnace 
coke (12-5 in.) from domestic nuts, the blast furnace 
coke being delivered to the blast furnace plant by belt 
conveyor. The coke-oven gas, after passing through the 
by-product plant, is used for steelmelting and for 
metallurgical heating in various sections of the works. 
A million cubic feet capacity gasholder operates in con- 
junction with a two million cubic feet capacity blast 
furnace gasholder, the work’s fuel balance being so 
maintained that the only coal used, apart from the coke 
ovens, is that for locomotives and a small amount used 
in the power station tosmooth out overall gas fluctuations. 

An order for a further 17 Wilputte Ovens has been 
placed with Gibbons Bros., and construction is about to 
commence. 


New battery of ovens at Fell Coke Works. 
(Coke car side.) 
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View of the blast furnaces and cast house with the new power station in the 


background. 


Blast Furnace Plant 
Since 1940, three 93-ft. high modern blast furnaces 
have been built by Ashmore, Benson, Pease & Co., 
Ltd., to replace seven smailer ones which existed 
previously on the same site. Nos. 1 and 3, blown in 


respectively in June, 1950 and in 1947, are of 20-ft. 


hearth diameter, while No. 2 is being rebuilt to this 
diameter, after producing 1,300,000 tons of iron, 
with a 19-ft. hearth, since 1943. No. 3 is making 
basic iron with a 52-53° Fe burden and a coke con- 
sumption of 14}-15 ewt. per ton of iron produced, 
whilst No. 1 is consuming some 
17 ewt. of coke per ton of hematite 
iron produced from a 50% Fe 
burden. Although the original 
company was formed to produce 
fron from the local iron ore deposits, 
in conjunction with the several 
qualities of very high grade coking 
coal underlying the area, the for- 
mer were exhausted long ago, and 
the furnaces have been operated en- 
tirely on foreign ore for many years. 
In conjunction with the Tyne 
Improvement Commission, big 
developments are in progress at 
Tyne Dock, 14 miles from the works, 
through which passes most of the 
work’s imported ore. Here it will be 
possible by early 1952 for 25,000-ton 
ore ships to be unloaded in a matter 
of hours. The whole of each cargo 
will be passed through and partially 
stored in main bunkers before 
\ eighing out into trainload batches 
ind loading into trains of wagons, 
‘pecially constructed by British Rail- 
\ays, for transport to the works, 
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where automatic simultaneous un- 
loading into separate bunkers is 
arranged. All incoming ores and 
limestone are screened, and the 
oversize material passed through a 
primary crusher set at 44 in. They 
are then conveyed by belt to the 
screening station, where the minus 
j-in. fines are removed for sintering 
the plus j-in. to minus 44-in. 
material passing to the service 
bunkers or into the stocking 
ground. The sintering plant, of 
A.1.B. design, was built in 1943 and 
can handle 200-220 tons /8-hr. 
shift; extensions in will 
increase this figure on completion. 

The furnaces are double skip 
charged and fitted with McKee 
mechanical tops of the latest 
design. Transfer cars feed the raw 
materials to the furnace bunkers, 
from which scale cars deliver them 
to the charging skips. The coke 
charging on all furnaces is auto- 
matically controlled, coke being 
weighed and charged into the 
furnace skips according to 
the arranged filling cycle. The whole cycle of charging 
operations on each furnace is electrically controlled and 
operated by one man on the scale car, all charging 
operations being controlled from the scale car operating 
panel in each furnace skip pit. 

Each furnace has 12 tuyeres and the blowing pressure 
used is 14 Ib. /sq. in., but as No. 2 furnace is being re- 
built a special top will be fitted to enable the use of 
higher top pressure. A single downcomer leads from the 
four gas risers at the top of the furnace to a dustcatcher of 
modern design. The installation of pre-coolers close to 


1,000-ton gas-fired inactive mixer. 
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View of the melting shop showing ‘‘H "’ furnace being tapped. 


the dustcatcher eliminates the long dirty gas mains 
which require emptying frequently. The semi-clean gas 
then passes through the 5-unit Lodge-Cottrell electro- 
static gas cleaning plant, with a capacity of 10,000,000 
cu. ft./hr., where the dust is reduced to 0-002 grains ‘cu. 
ft., prior to its use on the furnace hot-blast stoves, the 
power station boilers, the coke ovens and the mill 
furnaces. 

The output of the two furnaces is about 9,200 tons per 
week, all the hematite iron being cast into 90-lb. pigs on 
the Ashmore, Benson, Pease, double strand pig casting 
machine, Some 75°, of the output of the basic furnace is 
transferred to the 1,000-ton inactive mixer at the steel 
plant, the remainder being machine-cast into pig for sale. 


The Melting Shop 

The output of the melting shop has been increased 
progressively over the last few years. As each 75-ton 
furnace came off for re-build, its capacity was increased 
to 150 tons, so that the shop now comprises seven 
150-ton basic furnaces and one 75-ton acid furnace. 
The basic furnaces are fired with coke-oven gas and 
creosote pitch (a coke-oven by-product), but no coke- 
oven gas is used on the acid furnace because of its high 
sulphur content. The basic furnaces are normally 
operated on a 30°, hot metal-70°, scrap charge, but 
recently scrap difficulties have made the ratio 40 : 60. 
A 40: 60 ratio is also used in the acid furnace where the 
charge is made up of cold hematite pig and mill scrap. 
All the furnaces are fully provided with the necessary 
control instruments and equipment. 

The increase in output has necessitated improvements 
in the raw material handling facilities, as the rate of 
charging has been shown to have an important bearing on 
output. The loading bay is equipped with four overhead 
cranes of 14 tons lifting capacity, whilst the charging 
stage has five 54-ton Wellman overhead chargers of the 
rotating, rocking hoist type, four of the five being 
equipped with 10-ton auxiliary hoists. 

The 150-ton furnaces have bifurcated launders and 


two ladles are filled simultaneously 
on tapping. Car casting is mainly 
employed, with the ladle held by one 
of the four Wellman 100-ton over- 
head cranes. There is also a ladle 
cradle for casting in fixed moulds, 
whilst certain casts from the acid 
furnace are bottom run. 

A 1,000-ton inactive mixer, built 
by Head Wrightson & Co., Ltd., 
came into operation in 1949 to 
provide a reservoir of molten pig iron 
for use in charging the open-hearth 
furnaces. The mixer is offset from 
the pitside and is fired by coke-oven 
gas. It is proposed to carry out 
ladle desulphurisation at the blast 
furnace, in view of the demand for 
low-sulphur rimming steel slabs. 


Plate Mills 

Nine blast-furnace- or mixed-gas 
fired soaking pits, with capacity for 
66 ingots, serve the Davy slabbing 
mill. This is a two-high reversing 
mill with 40-in. diameter rolls and is 
driven by a double armature electric 
motor designed for a peak load of 
14,000 h.p., at 150 r.p.m. Ingots up to 12 tons in weight 
can be handled, and slabs varying in size from 24 in. 
wide by 3 in. thick to 44 in. wide by 12 in. thick, with a 
maximum length of 50 ft. can be produced. From the 
mill, the slab passes to the Davy down-cut shears where 


Manipulating a slab in the 40-in. slabbing mill. 
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the discard is cut off and the 
individual slabs cut to length. Slabs 
are lifted from the roller gear by an 
8-ton Wellman charger and trans- 
ferred to the slab furnaces for re- 


heating prior to rolling into plate. 

The No. | plate mill is a two-stand, 
two-high reversing mill by Davy. 
The rolls are 42 in. diameter by 9 ft. 
6 in. in length and the mill is capable 
of dealing with slabs up to 44 in. 
wide by 12 in. thick by 9 ft. in length, 
and produces plates varying from 
2 in. to 3 in. thick and up to 108 in. 
wide. The average length of plate 
rolled is 40 ft., although plates up to 
80 ft. long have been rolled. The 
driving motor is similar to that for 
the slabbing mill. 

After completion of rolling, the 
plate is conveyed to the hot flattening 
mangle which is electrically driven by 
two 100 h.p. variable speed motors 
capable of driving the plate through 
the machine at 60-100 ft./min. 
After mangling, the plates pass to 
the hot bank for inspection and 
marking. 

For rolling thinner plate, there is a three-high con- 
tinuously running mill by Davy. All the rolls are 6 ft. 
6 in. long, the top and bottom being 32 in. in diameter 
and the middle one 22 in. The drive is a 2,500 h.p. 


3,300 volt A.C. motor and tilting tables enable the plate 
to be passed through the top or bottom pair of rolls. 


Slabs from 3 in. to 9 in. thick can be rolled into plates 
from } in. to j in. thick and up to 6 ft. wide. Further 
down the roller table and in tandem with the three-high 
mill is the Davy chequer mill for producing chequer 
plates from } in. to | in. thick, up to 6 ft. wide. The 
hot mangle beyond the chequer mill can deal with plates 
up to ? in. thick by 6 ft. wide. 

The ancillary equipment includes the usual cross-cut, 
side and castor shears, annealing furnace and cold 


mangles. 
Section Mills 


The section mills consist of soaking pits, blooming mill 
and two finishing mills. From the pits the ingots are 
loaded into a chariot driven by a rope haul and the ingot 
is tipped on to the approach rollers and delivered to the 
blooming mill. 

Steam engine driven, the blooming mill is of the two- 
high reversing type with 36 in. diameter rolls, 9 ft. 3 in. 
long. Hydraulically controlled Davy manipulators 
handle the bloom between passes. After blooming, the 
ingot passes to the steam driven bloom shear which is 
capable of cutting blooms up to 22 in. by 13 in. Prior to 
rolling in the finishing mills, the blooms are reheated. 

No. | finishing mill is a 32 in. three-stand, two-high 
mill driven by a 54-in. steam engine, but with electrical 
serew-down gear. This mill can roll a wide variety of 
products from a maximum of 22 in. by 12 in. down to 
i} in. 

No. 2 mill, which is placed alongside No. 1, is a 22 in. 
wo-stand, two-high mill used for rolling 8-in. blooms to 
maller sections and billets than those produced by the 
}2-in. mill. 
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The engine room of the power station showing two turbo-blowers and two 


turbo-alternators. 


The usual hot-saws, cooling banks, straightening 
machines and billet dressing equipment are available. 


The New Mills 


Work is now proceeding on the new mills. A single 
combined slabbing and blooming mill is to take the place 
of two separate mills—the comparatively modern 
slabbing mill (1924) in the plate mill, and the older steam- 
driven cogging mill in the existing billet mill. In this 
connection, a new mould preparation and ingot stripping 
bay is being built on to the existing melting shop, leading 
to the new soaking pits which will serve the slabbing / 
blooming mill. The size of ingots handled will then be 
increased from the present 4 tons (cogging) and 12 tons 
(slabbing) to a standard of probably 20 tons. Slabs 
rolled in the new mill will go to the existing plate mills, 
which are to be modernised at a later stage in the plan. 
Blooms will go to a new continuous billet mill, the build- 
ing for which is now being erected across the huge slag 
tip which has been projected into the adjacent valley 
during the last 100 years. 

The new mills are being built by Davy & United 
Engineering Co., Ltd., in Sheffield, and the electrical 
drives are being manufactured by the English Electric 
Co., Ltd. 

Steam and Power Plant 


With the exception of that produced in the waste-heat 
boilers at the melting shop, all steam and electricity 
generation have been centralized in a modern power 
station. Steam is raised in five high-pressure water-tube 
boilers, each of 120,000 Ib. of steam per hour continuous 
rating. The normal working pressure is 405 Ib./sq. in. 
at 750° F. superheated steam temperature. Three of 
these boilers can burn blast-furnace gas, coke-oven gas or 
pulverized coal, singly or in any combination so that any 
fluctuations in economic or technical conditions can be 
taken into account immediately. The other two 
boilers are fitted with Taylor stokers for the use of 


A 
ge = 

23 


inferior fuels such as coke screenings ; one of them is 
adapted for burning blast-furnace gas as an alternative 
fuel. 

The present power generating plant comprises two 
Parsons 15,000 kW. turbo-alternators, each generating at 
11,000 volts and passing out 80,000 lb. of steam per hour 
to work's processes at 160-180 Ib. /sq. in. pressure. An 
additional 300,000 Ib. of steam per hour, at 160 Ib. ‘sq. 
in. and 550° F. can be obtained from a Hopkinson’s 
reducing valve and desuperheater. For office and work- 
shop heating, a 30 Ib. sq. in. supply of steam is obtained 
from the boiler feed pump exhausts. Foundations are 
completed for a third turbo-alternator due for delivery 
mid-1951. 

For the blast-furnace plant, air is supplied by two 
Parsons turbo-blowers capable of giving 55,000 cu. ft. of 
air per minute at 25 lb. sq. in. pressure. A third turbo- 
blower is now available with a capacity of 40,000 cu. ft. 
minute at 25 lb. sq. in. pressure. 

Electric power is generated and distributed at 11,000 
volts A.C. and transformed for redistribution and use at 
3,300 volts, 5,500 volts and 500 volts A.C. For distri- 
buting power at 500 volts D.C. there is a 1,500 kW. 
rotary converter. 

Power distribution is controlled from a central control 
room which houses a distribution control panel of very 
modern design, a fitting outlet from what must be one of 
the most up-to-date industrial power stations in the 
country. 

Central Technical Offices 

Approaching completion is the building block which 
will house the Central Technical Offices of the Company. 
These will be equipped for carrying out research work 
and ad hee investigations on behalf of all sections of the 
Company. The equipment will include small high- 
frequency steel melting furnaces, heat treatment fur- 
naces, crystallograhic X-ray apparatus, microscopes. 
mechanical testing machines for metals and refractories, 
spectrographic equipment, and the usual apparatus for 
chemical analysis. Routine mechanical testing will still 
be carried out in the Mechanical Test House and the 
Plant Control Chemical Laboratories will still remain 
in operation. 

Jarrow Mill 

At Jarrow, some 20 miles away, the Company operates 
the most modern semi-continuous bar and strip mill in 
Europe. Besides constituting a most important unit in 
the integration of the undertaking, it provides an 
appreciable measure of employment in the area. Pro- 
duction commenced in 1940, and it is believed that the 
mill holds the world’s record in output for units of its 
type and size. 

Stocked on the billet bank are 30-ft. long billets from 
2 in. to 4 in. square, and slabs from 44 in. by 24 in. up to 
5h in. by 24 in. and Sin. by 2in. After passing through 
the Morgan standard continuous furnace, which has a 
rated capacity of 40 tons hr., the billet passes to the first 
of seven roughing stands. Between the furnace and the 
first stand is a shear which is only used when light sections 
are being rolled. Included in the roughing mill are three 
edging stands situated between the third and fourth, and 
fifth and sixth stands, and on the outgoing side of the 
seventh stand. Each stand of the roughing train is 
mounted on a sliding bed over which it can be operated 
by hydraulic power to bring any part into centre line. 


From the roughing train, the bar runs out on to a skew 
“ Y ” table whose rolls are running with the bar. When 
the bar leaves the last stand, the rolls are reversed and the 
bar is fed into the intermediate stand. In a similar way 
the bar is fed into the finishing stand, the skew “ Y ” 
tables being designed for reversal of bars up to 250 ft. in 
length. When rounds in sizes below 14-in. diameter are 
being rolled, the skew * Y ”’ tables are not in operation, 
being replaced by special Morgan design repeaters. All 
sizes of flats and strip are also repeated. When rolling 
strip, a further four stands are added to the finishing 
mill, which discharges on to a vibrator table and thence 
to the coilers. 

From the finishing stand, the bars run out on to a 
Morgan, double-sided cooling bed of the rack carry-over 
type, from whence they are transferred by means of 
shuttle bars on to rollers which feed the shears. Beyond 
the cooling bed, the plant is in duplicate, each side of the 
bed being served by its own set of shears, automatic 
weighbridge and straightening rolls. There are four 
straighteners in all; they are of the seven-roll type, 
built by Joshua Bigwood & Son, Ltd. 


Other Sections 


Up to December 31st, 1946, the Company owned and 
mined extensive coal properties adjacent to the works, 
consisting for the most part of first-class coking coal, 
but all these activities were acquired by the State under 
the Coal Industry Nationalisation Act, 1946. 

Silica and basic bricks are made at the Templetown 
plant, the ganister for the silica bricks being drawn from 
the Company’s quarries, whilst fireclay refractories are 
made at the Delves Brickworks. A new plant is being 
built on the Jarrow site for the manufacture of basic 
refractories and cements at an estimated cost of £300,000, 


New South African Coke-Oven Plant 


THE battery of 54 W-D Becker Coke Ovens forming 
part of the new Vanderbijl Park Steelworks in South 
Africa has now been put into operation. This complete 
coke-making installation, which will carbonise over 
1,100 tons of coal per day and cost some £1,500,000, 
includes coal and coke handling equipment and com- 
prehensive by-products recovery and treatment plants. 
It is the fifth coke oven installation to be built for the 
South African Iron and Steel Industrial Corporation, 
Ltd., by the Woodall-Duckham Company of London. 


T.I. Enters Canadian Industry 


SuBsEect to formalities, negotiations have now been 
completed for the acquisition by Tube Investments, Ltd. 
of a substantial interest in the Standard Tube Co., Ltd., 
of Woodstock, Ontario, Canada. The company, which 
will be renamed, ** The Standard Tube and T.I., Ltd.,” 
has been mainly concerned in the manufacture and 
fabrication of electrically welded precision steel tubes 
for the Canadian market, and owns a number of distri- 
bution depots throughout the country. In partnership 
with Tube Investments, its operations will be extended 
in due course to cover a wide range of precision, 
mechanical and pressure tubes, and other tubular 
specialities. The Company will also be responsible for 


supervising and developing Tube Investments’ general 
export trade into Canada. 
will be involved in the deal. 


A sum of nearly £1,000,000 
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Cumulative Damage in Fatigue 


Notes on Information Available from Literature 
By K. W. Mitchell, B.Sc.(Eng.), Wh. Sch. 


Fulmer Research Institute Ltd. 


In normal fatigue testing, a particular form of load cycle, with simple or combined stresses, 
is repeated until the specimen breaks. There are, however, numerous cases where there 


are occasional applications of stresses very much higher than those which occur a large 
number of times. Whilst the effect of under-stressing and over-stressing have been 
investigated, there appears to be no generally accepted rational manner of formulating 
a simple laboratory test condition which will evaluate the ability of a material to withstand 


random fluctuations of stress. 


T so happens, for reasons not yet explained, FERROUS NON-FERROUS 

I that there is a fairly definite relationship 120.000 55.000 
between the maximum stress which a 

material will withstand under repeated loading 
(stress concentration absent) and the Tensile Z_ 110.000 NON-FERROUS METAL 59.900 
strength’ as normally determined. In_ the 9 eg. ALUMINIUM ALLOY 4 
absence of notches, and providing the ultimate «~ 
tensile strength is not greater than 80 tons,  !00.000 
sq. in., ferrous metals will withstand, indefinitely, 3 
cycles of alternating stress in the approximate ons 
range + 45°, of the U.T.S. The highest value of ¢ nied 
stress which a metal will withstand indefinitely is = 
the fatigue limit. Non-ferrous metals show no % 80,000 35.000 
such safe limit, and it becomes necessary to FERROUS METAL ©” 
describe the behaviour under such circumstances x eg. 049, C. STEEL 
as an endurance of a given stress for a specific 2 70,0004 + 30,000 
number of cycles (Fig. 1). 

If a series of test pieces of steel is submitted to 
cycles of stress, the magnitude of which falls with 60,000 - = = 25.000 
each individual test, a stress will ultimately be - a 
reached which will not cause failure. It is found 
that, for steels, stresses which will not cause Fig. 1._-Typical S-N curves for ferrous and non-ferrous 


failure after 107 cycles are below the fatigue 

limit. It must be realised that the experimental 

work is carried out under idealised conditions, in the 
absence of corrosion, and with specimens prepared to 
eliminate stress concentrations. 

For non-ferrous metals, it is essential to indicate the 
stress value associated with failure after a given number 
of cycles (say 2 x 107). For clarity we refer to such a 
value of stress as the endurance strength for 20 million 
cycles, or whatever the appropriate endurance may be. 

The frequency of application of stress cycles, up to 
20,000 cycles per minute, does not appear to influence 
the results in the absence of corroding conditions. 
Since, however, corrosion is essentially a phenomenon 
involving time, it is found that frequency is a most 
important variable under corrosive conditions. In such 
cases, low frequency stress cycles are more damaging 
than high frequency!. 

Although we have spoken of a “ fatigue limit,’ this 
is not to be thought of as a constant value, even for a 
given material in a given state. It is found, for example, 
that the value of the limit can be raised by under- 
stressing and can be lowered by over-stressing. These 
two terms refer to the application of cyclic stress under 
and over (respectively) the normal fatigue limit. It is 
possible to damage material by relatively few cycles of 
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materials. 


over stress and then for the fatigue crack to develop 
under cyclic stresses normally below the fatigue limit 
for that material. 

Sutton? has pointed out that in parts of aircraft, 
engines, etc., great endeavour is made by designers to 
secure satisfactory service performance in parts which 
are of light weight for their duty. It is hardly to be 
disputed that it is very important to recognise those 
properties and characteristics of metals and alloys 
which enable them to withstand exposure to fluctuating 
or alternating stresses, and transient loading of various 
kinds. Designers are, therefore, interested and concerned 
in matters such as :— 

(a) Fatigue properties of the various metals as 

observed in laboratory tests. 

(b} Influence of machining and stress raisers. 

(c) Influence of stress cycles about a_ particular 

mean stress. 

(d) Influence of stress cycles of different magnitudes 

in succession, and the influence of rest periods. 

The most commonly employed forms of test are the 
“rotating beam,” direct tension-compression, alterna- 
ting bending, and alternating tension. Light alloys 
which are ductile usually show a greater range of stress 
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CYCLE RATIO AT PRE-STRESS--PER CENT. 


Fig. 2.—-Effect of pre-stressing (Ref. Bennett’). 
under alternating bending, for a given endurance, than 
under other conditions of loading. The range of fatigue 
stress is slightly reduced under repeated bending as the 
mean bending stress is increased, and is lowest under 
repeated tension. 

Modern methods of investigation are providing a 
good deal of information on the fatigue performance of 
materials under simple and combined stresses which are 
varied cyclically up to very long endurances. It is 
usual in these tests, however, to apply a particular form 
of load cycle, and to repeat it until the specimen breaks, 
or until further continuance of the running of the test 
is not of particular interest. It must be remembered, 
however, that the stress cycle which is applied by 
ordinary laboratory methods does not approximate at 
all closely to that met with in service. In many cases, 
for example in relation to the airframe and under- 
carriage of an aircraft, automobile and railway axles, 
springs, etc., there are occasional applications of stresses 
very much higher than those which occur a large number 
of times. It is therefore, desirable that a stress cycle 
including occasional high stresses and more frequent 
lower ones should be applied in order to obtain the 
numerical information that could be used by a designer. 

It is now generally agreed that “ under-stressing ” 
tends to benefit the more common engineering materials, 
i.e., stress cycles insufficient to cause failure at a very 
long endurance tend to raise the stress at which failure 
would result at a particular endurance. It is also 
generally agreed that “ over-stressing,” i.e., application 
of stress cycles such as would result in fairly early 
failure, in very small numbers, may give an improvement 
in endurance to fatigue stresses, but that more frequent 
applications of stresses higher than the fatigue limit 
causes damage.” 

In order to determine the effect of repeated applica- 
tions of a given stress on the capacity of the material 
to withstand subsequent repetitions of other levels of 
stress, several investigators have “ pre-stressed "’ speci- 
mens at one stress level, and then retested at a second 
level of stress. French* investigated a “ probable 
damage line,” corresponding to a number of cycles at 
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each given level of stress which could be applied without 
damaging a specimen; the specimen was presumed to 
have been damaged if it failed upon retesting at a stress 
equal to the original fatigue limit. 

Kommers**® made a comprehensive study of a 
somewhat different nature for evaluating the damaging 
effect of cycles of “ over-stress.”” After subjecting groups 
of carbon steel and cast iron specimens to a definite 
number of cycles of a given stress, the damage or 
strengthening produced was measured by retesting to 
determine the resulting change in fatigue limit. Bennett? 
also devoted considerable attention to the evaluation 
of the effects of pre-stressing of carbon steel by retesting 
and observing the relative number of cycles to produce 
failure at a second level. 

The number of cycles run at the pre-stress, divided 
by the fatigue life (as represented by the number of 
cycles to the conventional S-N curve at that pre-stress), 
was designated as the “cycle ratio.” Bennett found 
that the number of cycles required to develop failure at 
the final test stress was nearly always less than the 
fatigue life of a virgin specimen at the test stress; the 
amount by which the number of cycles at the test 
stress was less than the normal fatigue life (expressed 
as °%,) was termed “ per cent. damage” at the test 
stress. 

For a series of tests (e.g., pre-stressing at 54,000 lbs. / 
sq. in.) Bennett obtained the curve shown in Fig. 2 for the 
relation between cycle ratio at the pre-stress and °%, 
damage at the given test stress. This relation was 
valid for only a given sequence of these two stresses. 
Pre-stressing at 48,000 Ibs./sq. in. and testing at the 
higher stress 54,000 Ibs. /sq. in., gave a different curve. 
The results presented by both Bennett and Kommers 
show that the “stress history” is important in the 
determination of the fatigue properties of a material. 

Miiller-Stock, Gerold and Schulz* also studied the 
effects of pre-stressing at various levels (usually above 
the fatigue limit) and evaluated the damage or 
strengthening by the change in fatigue life exhibited 
at one given stress level. A pre-stress which oscillated 
at regular intervals between two levels (below and 
above the fatigue limit) was applied in one test series. 

None of these investigators attempted to apply 
fluctuating cycles of stress that were repeated until 
failure occurred. Stickley®, however, did make a 
limited number of tests to fracture in which he subjected 
an aluminium alloy specimen to alternately high and 
low amplitudes of reversed flexural stresses. Stickley 
used three different ratios of the number of cycles at a 
low stress to the number of cycles at a high stress, 
namely 20:1,50:1 and 200:1. He concluded that, 
in general, failure occurred when the number of cycles at 
either the low or the high stress approached the ordinary 
S-N curve for the material, regardless of the sequence 
in which the stresses were applied. 

Deaves, Gerold and Schulz!® investigated the influence 
of rest periods on the fatigue properties of annealed and 
cold-drawn carbon steel wires (0-7-0-8%C). They 
found that rest periods after stress cycles exceeding the 
fatigue limit, and used at intervals during the fatigue 
test, gave increased endurance. The increase was, in 
general, the greater, the smaller the number of stress 
cycles between the rest periods. A lengthening of the 
rest periods from 12 hours to 72 hours gave a further 
slight increase in endurance. Differently treated wires 
showed different capacity for “ healing.” 
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According to Karius, Gerold and Schulz", the 
recovery in steel is greatest if the test is stopped after 
10°,-20%, of the number of stress cycles that would be 
required to fracture the specimens, and has no connection 
with strain-ageing. 

Bollenrath and Cornelius'®, in their experiments on 
soft iron, observed a remarkable behaviour of this 
material under fluctuating tension fatigue stresses, with 
and without rest periods. The latter were 23-hour 
periods interposed at intervals of about one-seventh of 
the full endurance life. When rest periods were inter- 
posed, all the specimens were still unbroken after 
endurances 100 times as long as the normal endurance. 
They examined duralumin, magnesium-rich alloys, a 
1°, chrome-molybdenum steel and an austenitic nickel- 
chrome steel, for the influence of rest periods during 
fatigue tests, but were unable to detect such behaviour 
under the conditions employed, in any material examined 
by them, except the soft iron in which the effect was 
very marked. 

Miner? made a study of the cumulative damage in 
fatigue. He based this on the assumptions that the 
loading cycles were sinusoidal, that the total amount of 
work that could be absorbed produced failure, that the 
ratio of minimum stress to maximum stress in the 
fatigue cycle varied between limits of +1 to —1, and 
that the presence of a crack indicated failure. Miner 
considered the cumulative effect of stress cycles of 
different magnitude for aluminium alloys, and under 
stress cycles having a maximum stress such that failure 
would occur if the stress cycle were applied 107 times. 
He proposed that the life of a specimen or part is 
governed by a relation of the cycle ratios at the various 
stress levels such that the summation of the cycle 
ratios equals unity, and concluded that this concept 
held true for Alclad 24 ST and probably for other high 
strength aluminium alloys. Tests performed by 
Kommers, Bennett, Richart and Newmark!" did not, 
however, agree with Miner’s proposal. 

Richart and Newmark" presented a new hypothesis 
which they claimed was more useful and similar to 
interpret. This hypothesis states briefly that damage 
to a fatigue test specimen is measured by a quantity 
D, called “ degree of damage,’ which depends on R, the 
“eyele ratio,” but the dependence is different at 
different stress-levels. 

This investigation indicated that it was reasonable to 
assume that a curve exists, on the damage/cycle ratio 
diagram, which represents the progress of failure at a 
given stress (Fig. 3). These curves may be used in 
groups of two or more to determine the value of 
cumulative cycle ratio available when various amounts 
of cycle ratio are applied at each stress. The value of 
cumulative cycle ratio is a number which represents the 
life of the specimen, and is a function of the total number 
of cycles available at the different stresses before 
failure. 

The results of calculations, based on this hypothesis, 
for multiple stress level tests show that, for small alter- 
nately applied blocks of cycle ratio, the value of cumula- 
tive cycle ratio is always less than 1-0. Thus a procedure 
such as Miner’s'", which predicts failure at a value of 
cumulative cycle ratio equal to 1-0 errs on the unsafe 
side. 

It would appear that the procedure described in their 
paper for combining the cumulative damaging effects 


January, 1951 


0-84 
<- 
0-6 4 
9 
0:23 
0 0-2 0-4 0-6 0-8 1-0 


CYCLE RATIO—R 


The two curves D R and D R® represent stress conditions at two 
respective levels. Wher a jump is made from one curve to another it represents 
a change in stress level and all jumps are made from one curve to the next 
along a constant damage line. The method of computing the total cycle ratio 
may best be illustrated by an example. If 30% cycle ratio is to be added at 
each stress level alternately to failure, then the value of the cumulative cycle 
ratio depends upon which curve is used first. Using D = R first, 0-30 cycle 
ratio produces 0-30 damage ; the equivalent cycle ratio on the D = R* curve is 
0-548. Adding 0-30 cycle ratio to 0-548 gives a total cycle ratio on the D = R* 
curve of 0-848 which corresponds to 0-719 damage. The equivalent cycle ratio 
on the D = R curve at 0-719 damage is 0-719, leaving only 0-281 cycle ratio to 
failure. Thus the total cumulative cycle ratio is 0-881 before 100% damage. 
This process is shown above by arrows and the dashed line. Using the D = R* 
curve first the total cumulative cycle ratio would have been 1-044. 


Fig. 3.—Progress of failure under the two-stress level 
tests. (Ref. Richart & Newmark"). 


produced by various stress levels, to give an estimate 
of the life of the material, is workable. However, the 
relative D—R curves must be determined experimentally 
as part of the procedure and, hence, this method cannot 
be used unless it is possible to run a number of tests 
to determine these D = R curves for a_ particular 
material. 

Dolan, Richart and Work™ investigated the fatigue 
life of metals subjected to repeated stresses which 
fluctuated between two different pre-determined ampli- 
tudes. Type G loading cycle, in which the amplitude 
of stress for each test was varied gradually and con- 
tinuously between two limits designated as the minor 
and major stress amplitudes, is shown in Fig. 4. Other 
loading cycles, A and B, in which the stress amplitude 
was alternated abruptly at regular intervals between 
two pre-determined values as shown in Fig. 5 and 6 
respectively, were also employed. Studies were made 
of three steels and an aluminium alloy, with the greatest 
emphasis on tests employing a loading cycle of type B. 
The range of values for the minor stress amplitude 
included several levels of over-stress as well as of 
under-stress. 

The change in fatigue life resulting from intermittent 
under-stressing depended not only on the magnitude of 
the under-stress but also on the magnitude of the major 
stress alternated with the under-stress. For major 
stresses, only slightly above the original fatigue limit, a 
marked increase in total fatigue life resulted for un- 
notched steel specimens; this was equivalent to an 
increase in fatigue limit. Cycles of under-stress in load 
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Loading cycle G. 
Fig. 5 (middle). Loading cycle A. 


Fig. 6 (bottom). Loading cycle B. 
Loading cycles (Ref. Dolan, Richart & Work'’). 


Fig. 4 (top). 


cycle B reduced the fatigue life for two of the three 
steels, but did not produce a damaging effect in the 
other steel or the aluminium alloy. 

For conditions of over-stressing in which only small 


differences existed between the magnitudes of the 
major and minor stress amplitudes, the fatigue life was 
practically as long as though all stresses had been 
applied at the minor stress level. This confirmed the 
work of other investigators that, by repeatedly stressing 
a specimen for a few million cycles just below the 
fatigue limit, and then successively increasing the load 
by small increments, with a large number of stress 
cycles at each increment coaxing the fatigue limit 
is raised appreciably and the life at the higher stress 
levels may be astonishingly long as compared with the 
virgin metal. This agrees with the work of Moore and 
Jasper’, who found that it is possible to take metal 
that has been damaged by previous over-stressing and 
to repair the damage by under-stressing or coaxing 
to restore the fatigue limit to, or even increase it above, 
the original fatigue limit for the virgin metal. 

It appears from a close study of the work of many 
investigators, that there is no generally accepted 
rational manner of formulating in the laboratory a 
simple test condition that will evaluate the ability of a 
material to withstand random fluctuations of stress. 
Even with the simple fluctuation produced by Dolan, 
Richart and Work", the variation in fatigue life could 
not be predicted from the data contained in the con- 
ventional S-N diagram. Hence, it appears probable 


that until more knowledge is available of the exact 
behaviour of a material under fluctuating fatigue 
stresses, it is not possible to formulate an accurate 
rational procedure for predicting fatigue life. Until 
such time as this knowledge becomes available, it will 
continue to be necessary to use approximating relation- 
ships as the only means of supplying the designer with 
the crude approach to guide him in the selection of 
useable machine components. 

The above review represents a preliminary assessment 
of a problem which may form the subject of research at 
the Fulmer Research Institute, Stoke Poges, Bucks. 
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The British Instrument Industries’ 
Exhibition 

Tue first British Instrument Industries’ Exhibition 
takes place at the National Hall, Olympia, from the 
4th to the Mth July, 1951. It is supported by the : 
British Electrical and Allied Manufacturers’ Association ; 
British Industrial Measuring and Control Apparatus 
Manufacturers’ Association : British Lampblown 
Scientific Glassware Manufacturers’ Association ; Draw- 
ing Office Material Manufacturers’ Dealers’ 
Association ; Scientific Instrument Manufacturers’ 
Association of Great Britain Limited. 

The purpose of the Exhibition is to show scientific 
and industrial instruments of entirely British manu- 
facture and, and with the export market in mind, 
supporting Associations and the Organisers, Messrs. 
F. W. Bridges and Sons Ltd., are approaching potential 
overseas buyers through all appropriate Government, 
commercial and professional channels. Coineiding, as 
it does, with the Festival of Britain year this Exhibition 
provides an additional opportunity of demonstrating to 
the world the excellence of British production in a 
field linked closely with the maximum production 
efficiency. 

Members of the Associations, which are giving their 
patronage and support to the Exhibition, have a 
priority for reserving stand space but, providing non- 
member firms have instruments which are germane to 
the Exhibition which they wish to exhibit, they may 
submit an application for space together with a descrip- 
tion of their proposed exhibit to: British Instrument 
Industries’ Exhibition, 641, Grand Buildings, Trafalgar 
Square, London, W.C.2. Telephone No. WH Itehall 0568. 
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The Drying of Ironstone 


The 1950-51 Special Study of the Institute of Fuel is devoted to the subject of Drying. When it is 

completed, more than 40 papers, dealing with fundamental principles, new methods and techniques 

and the need for further work in various directions, will have been presented at ten meetings held in 

London and the Provinces. Ata meeting held in Birmingham on January 3rd, Mr. R. C. Walthew, 

of the Fuel Department, Appleby-Frodingham Steel Company, presented a paper dealing with the 

drying of Northants ores at the Appleby-Frodingham works. An abridged version of this paper is 
presented here. 


LTHOUGH the drying of ironstone before charging 

A into the blast furnace may appear pointless, 

since it might be expected that moisture removal in 

the upper part of the furnace stack would be thermally 

more efficient, the indirect benefits in improved working 

of the furnaces more than compensate for the operating 
and fuel costs at the driers. 

The blast furnace burden at Appleby-Frodingham 
includes a mixture of two distinct types of ore, namely 
(1) local ores of low iron and high lime content, with 
moisture averaging about 12°,; and (2) Northants 
ores, of somewhat higher iron content and high silica. 
These ores, especially in the sizes below 3 in., are of a 
clayey nature, and have a moisture content varying 
between 15 and 23°, according to weather conditions and 
location of the quarry. 

Grading of the ores is an essential feature of good 
furnace operation, and for this purpose they are crushed 
and screened to produce a rubble }-2} in. for charging to 
the blast furnace. The minus } in. ore is separately 
treated for the production of granulated sinter. In the 
case of the Northants ores, the combination of high 
moisture and clay content of the ores, as received from 
the quarry, renders it impossible to screen them effec- 
tively, and causes trouble in transit to the furnaces due 
to sticking to hoppers, chutes, etc. Thus it is mainly for 
the purpose of facilitating the grading and handling of 
these Northants ores that the method of partial drying 
has been adopted. There is probably no advantage in 
removing more moisture than is necessary to achieve 
this; more complete drying tends to increase the 
proportion of smalls and air-borne dust. The average 
moisture content of the dried ore corresponding to this 
optimum drying is usually about 12%, but the correct 
average figure may not necessarily be the same for all 
grades of ore. 

The first drier at the Appleby-Frodingham Company’s 
North Ironworks was installed mainly for the purpose of 
recovering sufficient fines to blend with local ore fines for 
the production of a satisfactory sinter. The indirect 
benefits in respect of improved furnace operation were 
found to be considerable and G. D. Elliot* has reported 
the results of comparative tests which showed that 
increasing the proportion of dried ore in the burden from 
10 to 20°, reduced the coke consumption per ton of iron 
by 1-4 ewt. This improvement is attributed mainly to 
the improved distribution of the stock. Wet and un- 
screened Northants ore gave bad distribution, partly 
because of its tendency to stick to the furnace bell, and 
pirtly owing to the angle of repose differing considerably 
from that of coke, whereas the angle for the semi-dried 
r| bble free from fines more closely resembles that of coke. 
F irthermore, it is considered detrimental to good fur- 
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nace operation to have to remove an excessive amount of 
moisture in the furnace stack. 


Description of Driers 


The original drier installed was of the static type, 
comprising two  blast-furnace-gas fired combustion 
chambers, the products from which, after air dilution to 
reduce the temperature to approximately 400° C., were 
drawn by induced-draught fan through louvres along the 
sides of two vertical shafts, each some 20 ft. high x 7 ft 
6 in. x 1 ft. 6 in. and filled with ore, the gases leaving 
through similar louvres on the opposite sides. The ore 
was fed in from the top and removed from the bottom by 
scrapers on to a plough conveyor, and thence to the 
screening plant. This drier gave good service, handling 
20 tons/hr. of wet ore with a fuel consumption of 125 
therms/hr. when drying to 9°, moisture. Trouble was 
frequently experienced, however, with clogging and 
holding-up of the wetter and finer ores, and drying 
tended to be irregular. 

This unit was superseded by two rotary driers, 
installed just before World War II, as part of the ore 
preparation plant for the new Appleby-Frodingham 
South Ironworks. These driers were designed to handle 
the minus 3 in. material from all the run-of-mine 
Northants ores, this being scalped out and sent direct to 
the ore-drier stockyard. The plus 3 in. material is 
crushed and screened in the usual manner with the local 
ores. 

Each drier comprises a blast-furnace-gas fired com- 
bustion chamber, a rotary drum 7ft. 10 in. diameter and 
43 ft. long set at an angle of 5° and driven at 5 r.p.m., 
and a discharge hood, with adjustable sealing-rings at 
each end of the drum. The capacity is 37 tons/hr. of 
wet ore, when drying from 19%, to 9% moisture. The 
diluted products of combustion are drawn through the 
drier and a cyclone dust separator by induced-draught 
fan. Ore is fed from the receiving hopper by variable- 
speed scraper feed into a chute at the drum inlet. Within 
the drum, a highly efficient distribution of ore in the path 
of the flowing gases is achieved by the “ Buttner ” 
system of lifting vanes and crosses. Discharge from the 
drum is controlled by vanes set round the periphery, the 
angle of the vanes being adjustable, to enable the drum 
loading to be varied. An essential feature of the opera- 
tion is the maintenance of the inlet chute at a tempera- 
ture high enough to prevent wet ore sticking and blocking 
the chute. This may vary from 600°C. to as high as 
800° C. for very wet and sticky ores. 

Dust soon proved itself to be a major source of trouble. 
Apart from the drier cyclones, a dust extraction system 
comprising ventilating hoods connected by ducting to a 
cyclone was installed, but trouble was encountered 
within a few weeks of commencing operation, due to the 
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ducts becoming completely choked with caked dust. 
The trouble was eventually overcome by injecting hot 
gases into the hoods so as to raise the temperature of the 
dust and moisture-laden ventilating air to approxi- 
mately 50°-60° C., i.e., above the dew-point. 

The problem of satisfactorily disposing of the dust 
collected in the various cyclones has always been trouble- 
some in the existing plant. Several hundredweights of 
dust are collected per hour and its deposition in such a 
manner that it does not become a source of further 
nuisance is not easily effected. 


Operating Results 


Typical results, obtained on a test on one drier, show 
that 38-2 tons/hr. of ore are reduced in moisture from 
19°, to 12% with a blast furnace gas consumption of 
103,000 cu. ft./hr. (calorific value 106 B.Th.U. cu. ft.). 
Of the total heat in the fuel, 61-7°, is taken up as sensible 
and latent heat in the moisture removed ; 8-5°, as 
sensible heat in the moisture remaining in the ore ; 
12-5°,, as sensible heat in the bone-dry ore; 9°8°, as 
sensible heat in the dry waste gases; and 7-5°, as 
radiation and unaccounted for losses. 

The moisture content of the screened rubble is higher, 
and that of the screened fines is lower, than the average. 
Typical figures are 14°, for rubble and 10°, for fines. 
This has certain advantages as the relatively high 
moisture content of the larger pieces, i.e., the screened 
rubble, favours retention of their strength without 
detriment to subsequent handling and charging to the 
furnace. With the fines, a lower average moisture con- 
tent is probably desirable to prevent packing during 
subsequent storage and handling at the sinter plant. A 
certain amount of mechanical breakdown and production 
of fines takes place in the drier, even with normal drying. 
About one-third of the dust is air-borne at the drier outlet, 
the cyclones recovering about 50°, and the chimney 
discharge consisting principally of fine dust (below about 
20). 

Comparison between the static and rotary driers shows 
that the fuel consumption of the static drier (6-2 therms 
ton wet ore) is much higher than that of the rotary drier 
(2-86 therms ton wet ore). This is accounted for, on the 
one hand by this higher average moisture removal (over 
10°, compared with 7°, in the rotary drier) and, on the 
other hand, by a lower thermal efficiency due to higher 
waste-gas and radiation losses, as well as more sensible 
heat lost in the dried ore. 


Future Trends 

The necessity for drying Northants ore as part of the 
general conditioning of the ore burden has become so 
well established that it is intended in the future to dry 
the whole of the Northants run-of-mine ores after they 
have been crushed to minus 3 in. For this purpose there 
are being installed four additional rotary driers, which 
will bring the total drying capacity up to 30,000 tons 
week, 

In view of the importance of ensuring optimum drying 
conditions as well as of maintaining optimum 
efficiency in the interest of fuel economy, the future 
trend will be in the direction of more comprehensive 
instrumentation and closer operational control. For 


this purpose, a central control room at the enlarged plant 
is being installed, with push-button control of fuel input, 
primary air, and dilution air, at each drier, as well as of 


essential mechanical on-off controls (drums, scraper 
feeds, conveyors) and full instrumentation—including 
chart records of fuel flow, and inlet and outlet tempera- 
tures—-at each drier. 

In addition, it is hoped to investigate the possibility of 
an overriding control of the drier fuel input, by means of a 
photo-electric ““eye”’ in the discharge gases, which 
would detect over-drying as evidenced by excessive 
dust emission. 

Dust Removal 

As will have been gathered from this paper, improve- 
ments in dust emission can be looked for in three 
directions :—({1) Avoidance of over-drying, (2) more 
efficient cyclones, (3) more efficient disposal of the 
collected dust. 

On the new plant it is hoped to take care of (1) by 
closer control, as previously mentioned, whilst provision 
is being made to cover (2) and (3) by the provision of 
higher-efficiency cyclones and a different system of dust 
disposal. This will incorporate dust storage hoppers 
under the ore-drier cyclones ; from these hoppers the dust 
will be transported by totally enclosed conveyors direct 
to a pug mill, from which it will be fed to the sinter plant 
as a sludge. The collected dust from the dust-extraction 
cyclones will also be discharged to the pug mill. 


Research Problems 

It is outside the scope of this paper to discuss the drying 
of ironstone in relation to general theories and the 
correlation of actual drying rates with those calculated 
from small-scale experiments, and brief reference only 
will be made to two lines of approach for future research. 

First, dealing with research on the existing driers, the 
possibility might be explored of utilizing some property 
of the waste gases (such as dust content) or of the dried 
ore (such as moisture content) for automatic or semi- 
automatic control of fuel input. 

Secondly, there is always the possibility of finding 
more suitable methods of drying or treating ironstone. 
Before the existing driers were selected full consideration 
was given to alternative drying processes and sources of 
heat, as well as to methods other than drying to obtain a 
graded product ; but it is realized that the possibility of 
progress or radical changes must not be overlooked. 


Dormer Works Extensions 


A £30,000 three-storey extension to the works of the 
Sheffield Twist Drill and Steel Co., Ltd. was opened 
recently by Mrs. Laure Dormer, widow of the late Mr. 
H. A. Dormer, first chairman of the Company. At a 
lunch-time ceremony attended by the Directors and 
Staff, and held in the new extension, Mrs. Dormer 
unveiled a bronze plaque which carries the inscription : 
“ This building, completed in 1950, is dedicated to 

the partnership of Charles William Claxton and Harry 

Alexander Dormer who, by their efforts, made this 

Company the largest of its kind in the United 

Kingdom.” 

The extension which incorporates more production 
bays equipped with the most modern plant, will result 
in increased production of Dormer High Speed Steel 
Twist Drills and engineers’ small tools. A substantial! 
proportion of the firm’s total output goes to export 
markets. Demand is growing, and the new building, 
which is two-thirds of the total extension planned, will 
help satisfy that demand. 
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Announcements and Trade News 


Mr. E. A. Goven, of High Duty Alloys South-Eastern 
Area Sales Office has been appointed Advertising and 
Publicity Manager in succession to Mr. J. Moore-Ogilvie. 


Personal News 
Mr. Frank TINKER has been appointed Northern Area 
Manager of Birlec, Ltd., with headquarters at Surrey 
House, Arundel Street, Sheffield, 1. Mr. Tinker, who 
joins Birlec from their associated company, Messrs. 
Henry Wiggin & Co., Ltd., has been stationed in the 
Yorkshire area for a number of years. 
Mr. T. PowE x, General Manager of the British Electro- 
metallurgical Co., Ltd., has been appointed to the 
Board of Directors of the Company. 
Mr. J. Mutt, A.M.I.E.E., who has been for the last five 
years with the Technical and Scientific Register of the 
Ministry of Labour has been appointed Registrar and 
Secretary of the Professional Engineers Appointments 
Bureau, 9, Victoria Street, Westminster, S.W.1, with 
effect from January Ist, 1951, in succession to Mr. H. J. 
Nichols, C.1.E., D.Se., M.L.C.E., A.M.I.Mech.E., who has 
resigned. 
Mr. J. A. Monks, a Director of the Electric Furnace Co., 
Ltd., and Electric Resistance Furnace Co., Ltd. has been 
appointed joint Managing Director of the Electric 
Resistance Furnace Co., Ltd. 
SaMUEL OsBoRN & Co., Lrp., Clyde Steel Works, 
Sheffield, announce the appointment of three local 
Directors : Mr. F. May, who has been with the Company 
since 1915 and has occupied the positions of cashier, 
assistant secretary, and is at present Secretary to the 
Company: Mr. L. Hatprx, who has been with the 
Company since 1916 and is at present Sales Manager 
and has travelled extensively in Spain, Portugal and 
South America ; Mr. Joun H. Osporn, who is the elder 
son oft he Chairman of the Company. He was 
educated at Rugby and Cambridge. 
Tue Titanic Steel Co., Ltd., Sheffield 
appointment of two Directors : 
Metallurgist, who has been with Samuel Osborn & Co., 
Ltd. since 1912 and Mr. H. Dakry, Forge Manager, who 
has been with Samuel Osborn & Co., Ltd. since 1907. 
Tue Osborn Foundry & Engineering Co., Ltd., Sheffield, 
announce the appointment of a Director, Mr. W. T. 
HILL, present Commercial Manager, who has been with 
Samuel Osborn & Co., Ltd. since 1911. 
THe New London Electron Works, Ltd. (one of his 
“600 Group of Companies) announce that Mr. 
Feiix L. Levy, who has for many years served on the 
Board, has been elected Chairman and Managing Director 
of the Company with effect from December 6th, 1950. In 
this office he succeeds his father, the late Mr. Lawrence 
Levy. 
Mr. Donatp Rak, a Departmental Director of the 
company, McKechnie Bros., Ltd., has been appointed 
General Manager at Birmingham, with effect from 
January Ist, 1951. 
Me. H. A. R. Bryney, C.B. has been appointed Director 
and Secretary of the British Standards Institution in 
succession to the late Mr. Percy Good, C.B.E. 
Me. W. G. Askew, M.C., A.1.M., formerly assistant editor 
0 the Journal of the Institute of Metals, and editor of 
C\emistry and Industry, has been appointed to the staff 
0! Geo. Kent, Ltd. as technical journalist. 
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Mr. E. Pastey, Chief 


Mr. J. G. Lowe has retired from the position of Comp- 
troller and Secretary of the Metropolitan Vickers 
Electrical Co., Ltd. Mr. E. SALMon has been appointed 
Comptroller and Mr. D. THomson, Secretary. Mr. 
Lowe is succeeded by Mr. W. D. TayLor as Secretary of 
Metropolitan Vickers Electrical Export Co., Ltd. 
Mr. E. TANKARD becomes Chief Accountant and Mr. 
A. Cooper, Assistant Accountant. 

A NuMBER of changes in designation and appointments 
are announced by the British Aluminium Co., Ltd. 
Mr. G. W. Lacey will relinquish his title of Director and 
General Sales Manager and will assume the designation 
of ** Director in Charge of Sales.””. Mr. R. G. H. Linzer 
will relinquish his title of Director and General Establish- 
ment Manager and will assume the designation of 
* Director in Charge of Establishment.” Mr. G. A. 
ANDERSON, at present Deputy-General Sales Manager, will 
become General Sales Manager and will assume responsi- 
bility for the routine work of the Sales Division of the 
Company. It is not intended to appoint a Deputy- 
General Sales Manager. Mr. H. H. CUNDELL, at present 
Sales Manager, will become Home Sales Manager, 
following the formation of a separate Export Sales 
Department. Mr. P. J. Ferauson, Manager of the 
Scottish Branch Office, has been appointed Export 
Sales Manager and Mr. M. J. J. Ricnarps, of the 
Midland Branch Office, has been appointed Manager of 
the Scottish Branch Office in place of Mr. Ferguson. 
Mr. H. O. Smaupon, has retired from his position as 
Head of the Public Relations Department of the Metals 
Division of Imperial Chemical Industries, Ltd. He is 
succeeded by Mr. C. N. SHERwoop, who has been with 
the department, in charge of Internal Relations, since 
1947. Mr. Sherwood has previously had considerable 
experience with the Metals Division’s Export Sales 
organisation. 

Str Wiiui1aM T. Grirrirus, D.Sc., has resigned from the 
Mond Nickel Co., Ltd., and from the Board of the 
Anglo Metal Co., Ltd. 

Mr. H. T. Worpswortx, Commercial Director, for 
many years, of Sanderson Bros. & Newbould, Ltd., has 
been appointed General Manager of the Company. 
Mr. Wordsworth has a life-long experience of the steel, 
saw and tool trade and has travelled extensively on 
behalf of the Company. Mr. J. R. A. BULL has been 
appointed Sales Manager, with a seat on the Board, 
and Mr. E. O. SruBBinGs, a member of the Board since 
1938, assumes the position of London Director. 

Dr. C. Sykes, F.R.S., has been appointed Deputy 
Managing Director of Thos. Firth & John Brown, Ltd. 
Mr. Ertc Mensrortu, who remains a Director of the 
Company has been appointed Managing Director of 
Firth Brown Tools, Ltd. Sir Arthur Matthews, O.B.E., 
remains a Director of that Company. 

Heap, Wricutson & Co., Lrp. announce that Mr. 
VAUGHAN PENpDRED, until recently a Director of The 
Skinningrove Iron Company, has joined them in charge 
of the sales organisation of their group of companies. 
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Mr. 8. G. Kine, A.M.1.E.E. has been appointed London 
Manager of Birlec, Ltd., with offices at 35, Park Street, 
London, W.1.) Mr. King has had 20 years’ experience of 
electric furnace work, particularly in connection with 
the development and sale of are and high-frequency melt- 
ing equipment. He has recently returned from a four 
years’ stay in South Africa and he has had wide experi- 
ence in many European countries. 

Mr. J. K. Crark, B.Eng., A.M.I.E.E., A.M.1.Mech.E. 
has been appointed Chief Engineer to Electro Chemical 
Engineering Co., Ltd. 

Mr. K. A. Zanvstrra, Head of the High Frequency 
Department of Philips Electrical, Ltd., has been awarded 
the Bessemer Premium by the Society of Engineers for 
his paper entitled “ High Frequency Heating in 
Industry.” A reprint of this paper dealing with the 
latest high-frequency heating methods in mass produe- 
tion is at present in preparation and copies will be 
supplied on request, 

Mr. Perer Baxter, Managing Director of the Steel 
Company of Scotland, has relinquished his day-to-day 
control of the affairs of the Company, owing to ill-health. 
Mr. T. R. Crate has been appointed to take over the 
duties of Managing Director. 


Obituary 
Sir John Greenly 


Str Joun H. M. Greenty, K.C.M.G., C.B.E. 
M.A., has died at the age of 65. 
Babcock & Wilcox, Ltd., he has held many appointments, 
including the Chairmanship of the Prime Minister's 
Advisory Panel of Industrialists on Rearmament. He 
was a Member of Council of the Iron and Steel Institute, 
of which he was an Honorary Vice-President, and was a 
Past President and a Fellow of the Institute of Metals, 
and a Fellow of the Institution of Metallurgists. 


Mr. James Walker 
WE regret to record the death, on December 7th, of 
Mr. James Walker, Secretary of General Refractories, 
Ltd. Mr. Walker, who was 57, joined the Group in 
1936 as Secretary of the Glenboig Union Fireclay Co., 
Ltd., and became Secretary of General Refractories, Ltd., 
in 1943. He leaves a widow, son and daughter. 


Mr. T. G. Russell 
A wipe circle of friends in industry will learn with regret 
of the death on December [8th of Mr. Thomas George 


Russell, LL.B. (Manchester), former Vice-Chairman of 


British Driver-Harris Co., Ltd. Mr. Russell, in the 
capacity of solicitor and legal adviser, was connected 
with the organisation from its formation. He became 
Secretary in a Director in 1945; Managing 
Director 1946, and Vice-Chairman in 1947. Mr. 
Russell, who travelled widely in the interests of the 
British Driver-Harris organisation, retired from the 
Vice-Chairmanship of the Company in September, 1948, 


Mr. M. B. Urquhart Dewar 


Mr. Bruce Ureunartr Dewar, Chairman of 


British Timken, has died at the age of 64. During the late 
war he was Deputy Director-General of the British 
Purchasing. Commission and the British Supply Mission 
until 1942 
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Formerly Chairman of 


Institution of Metallurgists 
Examinations, 1951 
THE next examinations for the Licentiateship and 
Associateship of The Institution of Metallurgists will be 
held from August 27th to September 3rd, 1951. Candi- 
dates must submit their applications for permission t« 
enter the examinations before May Ist, 1951. 

Each application must be made on a form to be 
obtained from the Registrar-Secretary, The Institution 
of Metallurgists, 4, Grosvenor Gardens, London, 8.W.1, 
and must be accompanied by a registration fee of one 
guinea. The balance of the examination fee (see below) 
will be payable before August Ist, 1951. 

Details of the various centres at which the Examina- 
tions will be held and arrangements for the Examinations 
will be forwarded to all candidates in due course. 

The attention of intending candidates is drawn to the 
following regulations :— 

Each candidate for the Institution’s examination 

for the Licentiateship must produce evidence of :— 

*(a) Age. 

(b) Good general education. 

(c) Knowledge of chemistry, physics and mathe- 
matics to university intermediate science 
examination standard. 

*(d) Not less than two years’ experience in metal- 
lurgical science or practice. 

Each candidate for the Institution’s examination 

for the Associateship must produce evidence of :— 

*(a) Age. 

(b) General education to approximately matricu- 
lation standard. 

(ec) Knowledge of chemistry, physics and mathe- 
matics to university intermediate science 
examination standard. 

*(d) Three years’ experience in metallurgical science 
or practice. 
Normally candidates for the Licentiateship should not be under 21 years of 
we and should hawe had two vears metallurgical experience. Candidates for 
the Associateship should not be under 25 years of age and should have had 
three years metallurgicnl experience. 
meil may admit to exan.ination candidates under the prescribed age 
nd with less than the preseribed experience, but such candidates, if 


successful will not be elected te the appropriate grade until they have satistied 
experience, 


the regulations in respect of age and 

Examinations for the Fellowship will also be held 
between August 27th and September 3rd, 1951, and 
intending candidates should apply for permission to 
enter for the examination, submitting, for approval of 
the Council, a statement of the branch of metallurgy in 
which they offer themselves for examination. 


Licentiateship Examination oo 
Associateship Examination—Licentiates .. £3 3s. 
Other Candidates .. .. .. .. .. &. 
Fellowship Examination—Associates 
Other Candidates .. 10s. 


The papers set at the examinations held in 1947, 1948, 
1949, and 1950 are available at Is. per set, obtainable 
on application to the Registar-Secretary. 


Magnesium Elektron Sales Change 


SINCE the formation of Magnesium Elektron, Ltd. in 
1935 the sole Sales Concession for all their products has 
heen operated by the Founder Company, F. A. Hughes 
& Co., Ltd. The Boards of the above Companies have 
now, by mutual agreement, decided that this arrange- 
ment should be altered and that from February Ist, 
1951, Magnesium Elektron should sell all their products 
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(xcept Elektron Magnesium Anodes for cathodic pro- 
tection which will continue to be sold by Hughes) 
cirectly to their customers. 

The Sales Staff of Hughes will be transferred to 
Magnesium Elektron and move to Clifton Junction. 

Consumers are, therefore requested from February Ist 
next, to address all enquiries and orders directly to 
Magnesium Elektron, Ltd., Lumms Lane, Clifton 
Junction, near Manchester. Magnesium Elektron will 
retain a London office at Bath House, 82, Piccadilly, 
London, W.1. 


A New Scrap Drive 

DeEsPITE the co-operative effort of all concerned in the 
Iron and Steel industry, the record output of 1950 would 
have been impossible of attainment without adequate 
supplies of raw materials. There is capacity for still 
further increases in output, but raw material supplies 
are now more difficult and high production depends on 
more scrap being sent back to the furnaces. 

As part of a drive to secure more scrap, a letter, 
signed by the Presidents of the British Iron and Steel 
Federation, the Joint Iron Council, and the National 
Federation of Scrap Iron, Steel and Metal Merchants, 
has been sent to 15,000 users of iron and steel in Great 
Britain and Northern Ireland. Firms are being asked 


to make a thorough search in works, shops, stores and 
yards, and to dispose at once, through their scrap 
merchants, of every hundredweight of scrap iron and 
steel for which they have no further use. Only by so 
doing can the supply of new steel be assured. Emphasis 
is also laid on the amount of scrap tied up in obsolete 
machinery and firms are asked to make a survey of all 
their plant, with a view to discarding now any plant 
which is no longer of use. Scrap should normally be 
disposed of through the scrap merchants who can also 
assist in dismantling work; should any difficulty be 
experienced advice can be obtained from the Joint 
District Scrap Committee for the particular area. The 
address of this Committee may be obtained from the 
British Iron and Steel Federation, Steel House, Tothill 
Street, London, 8.W.1. 

A special approach is being made to the services, 

public undertakings and municipal bodies, Government 
departments and, through the Federation of British 
Industries, to industry as a whole. 
ALLOCATED a steel ingot target of 1,115,000 tons for 
1950, Stewarts and Lloyds, Ltd., produced 1,141,000 
tons as compared with 976,000 tons in the then record 
year of 1949. For steel tubes, the corresponding 
tonnages were 730,000 in 1950 and 705,500 in 1949. 


Recent Developments in Materials, 
Tools and Equipment 


Grid Controlled Rectifier Equipment for 
a Tyre Rolling Mill 


An interesting example of the application of grid 
controlled mercury are rectifiers in steelworks is pro- 
vided by an installation recently completed at the 
works of John Baker & Bessemer, Ltd. The equipment 
designed and manufactured at the Rectifier Works of 
The General Electric Co., Ltd., provides a variable 
voltage D.C. supply for an existing 800 h.p., 500 volt, 
750 r.p.m. motor driving a tyre rolling mill. This mill 
produces steel tyres for railway rolling stock, sizes from 
about 42 in. to 78 in. diameter being rolled on the one 
mill, 

The process of rolling commences with a hot blank in 
the shape of a thick walled ring with a relatively small 
internal hole. This ring is squeezed between an inner 
roll which passes through the central hole, and a larger, 
external roll, the ratio of the diameters of the rolls being 
approximately | to 2-5. Rolling is continued until the 
internal and external diameters are comparatively large 
and the cross-section of the ring has been reduced and 
shaped to the form of the flanged tyre. 

The external roll is driven at a constant speed of about 
25 r.p.m. by a 3-phase induction motor while the internal 
roll is driven, through a double reduction spur gearing, 
by the 800 h.p. D.C. motor. It will be appreciated that, 
os the internal circumference of the ring increases, the 
nner roll must be speeded up accordingly, the speed 

inge being from about 16 r.p.m. corresponding to 200 

p.m. of the D.C. motor, to about 60 r.p.m. for the largest 
'yres, corresponding to a motor speed of 750 r.p.m. 

‘here is very little constant speed running of the D.C. 
wotor, the rolling process, by its nature, calling for a 
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continuous increase in speed until the finished diameter 
of the tyre is reached. Furthermore, since mechanical 
handling of blanks and tyres enables the mill to carry 
on almost continual rolling, it is necessary that the 
D.C. motor and inner roll should be slowed down and 
stopped very quickly as soon as a tyre is finished, so 
that an immediate restart may be made on a new blank. 


Speed Control 

The inner roll was originally driven by a reciprocating 
steam engine, the throttle of which was under the control 
of the mill operator, an arrangement which gave the 
necessary flexibility of speed control. It was found 
that the operator was best able to judge the correct 
rate of acceleration by observation of the position of 
the tyre relative to the rolls, the actual roll speed being 
an insufficient guide. 

In the new installation, power for the D.C. motor 
which now drives the inner roll is derived from a 400 
kW G.E.C. pumpless, air-cooled, steel tank, mercury 
are rectifier. The rectifier is supplied from a 3-3 kV., 
3-phase system to which it is connected through a 
main transformer and an oil circuit-breaker. Grid 
control is provided on the six main anodes of the 
rectifier which is also fitted with field anodes giving a 
supply at approximately 220 volts D.C. for motor field 
excitation and control supply. The positive lead of this 
field and control supply is taken from the common 
cathode and, since there is no grid control on the field 
anodes, an output of the required voltage is immediately 
available as soon as the D.C. breaker is closed. 

The control grids of the rectifier are connected, 
through current limiting resistors of 1,000 ohms each, 
to the secondary winding of a special 6-phase peaking 
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transformer. A negative bias is applied to the grids by 
means of a 3-phase, bridge connected, metal rectifier 
which is fed from the negative bias transformer. The 
negative D.C. pole of the metal rectifier is connected to 
the neutral point of the secondary winding of the 
peaking transformer, while the positive pole is connected 
to the mercury are rectifier cathode. It will be seen, 
therefore, that the positive output from the peaking 
transformer is applied in series with the negative bias 
voltage between the control grids and the cathode. 
The negative bias applied to the grids prevents any 
main anode from carrying current until the positive 
output from the peaking transformer is sufficiently 
great to make the grid positive, thereby allowing the 
are to strike. 

Voltage regulation is achieved by varying the phase 
relationship between the output of the peaking trans- 
former and the voltage applied to the main anodes. 
This is effected by supplying the primary of the peaking 
transformer through a small phase shifting transformer 
which is normally operated by a geared driving motor, 
controlled by the operator’s master switch. A hand- 
wheel is provided so that manual operation of the 
phase shifter may be employed if required. The primary 
of the phase shifting transformer is connected to a 
tertiary winding on the main transformer which also 
supplies the negative bias transformer and the field 
supply transformer. 

On the master switch which controls the phase 
shifter motor there are six positions consisting of four 
“forward” notches, one “reverse” notch, and an 


‘off? or neutral position. 

When the switch is moved to the first “ forward” 
notch, a contactor is closed in the control grid circuit 
and the phase shifting transformer is energised, thus 


reducing the negative bias on the grids. The same 
contactor brings into operation the main D.C. line 
contactor which, on closing, connects the mill motor to 
the main supply from the rectifier. Simultaneously, 
the phase shifter motor begins to rotate at a speed such 
that the rectifier output is raised at a rate which brings 
the mill motor up to a speed of approximately 200 r.p.m. 
in 5 seconds, at which speed rolling commences, So 
long as the master switch is held on the first notch, 
overspeeding is prevented by a limit switch which open- 
cireuits the phase shifter motor and so prevents the 
phase shifter from moving beyond the point corres- 
ponding to a mill speed of 200 r.p.m. 

As the mill speed approaches 200 r.p.m. the operator 
manipulates a lever which applies pressure between the 
rolls and starts the rolling operation. He then moves 
the master switch to the second, third or fourth 
* forward ” notch according to the rate of acceleration 
of the inner roll which is required, As in the original 
installation, the correct value of acceleration is deter- 
mined from the position of the blank with regard to the 
rolls. 

When rolling tyres of the maximum size, the operator 
keeps the master switch at the required noteh until 
rolling is completed. When the phase shifter has 
reached the position corresponding to the maximum 
speed of the mill motor, a limit switch interrupts the 
supply to the phase shifter motor. With smaller dia- 
meter tyres, it is not necessary for the inner roll to 
reach its maximum speed and the operator can stop any 
acceleration beyond the desired mill speed by returning 
the master switch to the first “ forward ” notch. 


Dynamic Braking 

As has already been stated, it is necessary to stop the 
mill as quickly as possible after the rolling operation 
has been completed. This is achieved by introducing a 
system of dynamic braking which the operator may 
apply by moving the master switch to either the 
“reverse” or “ off” position according to whether full 
or reduced dynamic braking is required. Movement of 
the switch to the “ reverse” position causes the main 
contactor on the D.C. control panel to open and dis- 
connect the mill motor armature from the D.C. supply. 
At the same time a second contact on this contactor 
connects a resistor across the motor armature, the field 
excitation being maintained at full value. As soon as 
the motor starts to slow down, another contactor 
connects a second resistor in parallel with the first, 
thus reducing the effective resistance across the armature 
and maintaining the braking effort. After a suitable 
time lag, which is determined by a system of series 
lock-out coils on the contactors, a third resistor is 
connected in parallel with the other two and the machine 
is rapidly brought to rest. 

For reduced values of dynamic braking, the master 
switch is moved to the * off” position. As before, the 
main D.C. contacter opens, thus disconnecting the mill 
motor armature from the supply and connecting it 
across the first resistor. In this case, a relay in the 
field circuit connects a resistor in series with the field 
coils, thereby reducing the excitation. Under these 
conditions, the second and third dynamic braking 
contactors do not operate so that the other two resistors 
are not brought into cireuit and a smaller braking 
effect is obtained. 

Movement of the master switch to either the * off” 
or “ reverse position opens the control grid contactor 
and applies full negative bias to the grids so that the 
main D.C. supply is interrupted. At the same instant 
the circuit of the operating coil of the main D.C. con- 
tactor is broken, but a discharge resistor connected 
across the coil introduces a momentary delay before the 
contactor opens. This allows time for the negative bias 
to reduce the D.C. line current, thus easing the duty of 
the main contactor when breaking the mill motor 
circuit. 

In order to restore the equipment to the starting 
position, it is necessary to move the master switch 
through the “off” position to “ reverse’ when the 
phase shifter motor automatically returns the phase 
shifting transformer to its original position in readiness 
for restarting. An interlocked limit switch prevents 
the main D.C. contactor from operating until the phase 
shifter is in the starting position. 

Protection of the D.C. system is provided by an over- 
load trip on the D.C. line cireuit-breaker. The trip coil 
is connected in the positive main, which is common to 
both the mill motor and the field and control supplies, 
so that its operation isolates the whole of the D.C. 
system. In an emergency, the D.C. line cireuit-breaker 
may be tripped manually by means of a push button. 
As the motor fields would, normally, be maintained at 
full excitation as soon as the main D.C. breaker is closed, 
a resistor is automatically connected in series with the 
field coils when the motor is at rest, in order to prevent 
overheating. This resistor is automatically short- 
circuited when the motor is running. 

General Electric Co., Ltd., Magnet House, Kingsway, 

London, W.C.2. 


METALLURGIA 


| 
* | 
‘ 
\ 
( 


Interesting Designs of Riveting Tools 

A high standard of riveting is of supreme importance 
i: many sections of the metal industries, and of great 
interest in this connection is the “POP” process. In 
wldition to being efficient, economical and speedy in 
assembly, this also has the advantage of requiring only 
one operator and one operation to set or clench the 
rivet. 

“POP” rivets are made by the George Tucker 
Eyelet Co., Ltd., Birmingham, and distributed by 
Aireraft Materials, Ltd., who also manufacture the 
tools. With this system there is not only a saving in 
time and labour, but also great economy on tool require- 
ments, since most of the riveting can be done with one 
type of tool, although naturally the actual selection of 
the latter is regulated by the availability of power. 

Three of the most widely used types are the lazy tong, 
for hand use, and the pneumatic and hydro-pneumatic 
guns for use with compressed air. The guns, being 
power operated are, of course, less tiring for operation 
over long periods, and thus for continuous work rivets 
can be set at a very high speed. The hydro-pneumatic 
gun, being the lighter in weight, is particularly suitable 
for female operators, and is supplied complete with an 
air-return intensifier which will work off a normal air 
pressure line of 70 lb. per sq. in. Air consumption is 
small, being 98 cubic inches per rivet in the case of 
hydro-pneumatic, and 70 cubic inches per rivet in the 
case of the pneumatic types. 

For mass production operation, including for example, 
small detail and sub-assembly work in large quantities, 
several types of foot-operated tool are available, and 
under these conditions it is generally less fatiguing for 
the operators to work the tool sitting down. 

For operation in restricted places a range of riveting 
heads is available and all have a standardised common 
connection so that they are interchangeable with any of 
a range of power units. Further, for confined spaces 
such as instrument panels and instruction plates, a 
small pair of pliers is available. Interchangeable 
units are also available for riveting in corners or close 
to a flange and inside channel section, here again with 
a standardised common connection so that any type of 
head can be used with each power unit, and the elbows 
and /or extension when required. 

The rivets themselves are made either in Monel metal 
(with zine plated finish for commercial use and cadmium 
coated for aircraft) or aluminium alloy (with self-colour 
finish) and the versatility of the riveting tools enables 
work to be approached from any conceivable angle, 
often in positions inaccessible by other methods. 

Aircraft Materials, Ltd., Midland Road, London, 


Lightweight Industrial Gloves 


A RECENT development in the range of P.V.C. Protective 
Clothing and Gloves manufactured by James North and 
Sons, Ltd. takes the form of a new Lightweight Com- 
mercial Glove. These gloves are intended primarily for 
abrasion resistance in handling materials of all kinds 
and are lighter and more supple than the standard 
weight of P.V.C. gloves. They effectively replace the 
us ial cotton gloves, cotton backed leather palm gloves 
an | lightweight leather gloves. Trials have recently 
be n carried out by a number of users with the purpose 
of ascertaining the comparative durability of North 
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P.V.C. Lightweight Commercial Gloves against that of 
the types mentioned. These tests have shown that the 
working life of the North Lightweight Gloves is fifteen 
times greater, providing a very considerable annual 
saving. These gloves are made with knitted wrists and 
are available in men’s and women’s sizes and can be 
obtained through the usual wholesale channels. 

James North & Sons, Ltd., Godley Mills, Hyde, 

Cheshire. 


Portable Bench Fume Extractor 


IN a great number of industrial operations such as 
soldering, brazing, welding, heat treatments, burning, 
chemical operations, smelting, ete., ete., there are 
fumes which affect the health of the worker or at least 
reduce working efficiency, the problem being not so 
much the volume of the fumes as the fact that they are 
generated in close proximity to the worker, who is more 
often than not so positioned that the fumes rise directly 
into the face so as to be inhaled while hot and relatively 
concentrated. Ventilation of the workroom itself 
however efficient does not provide an effective solution 
to this particular problem. 

The Pyrobit Fume Extractor solves this problem in 
an entirely new way by utilising the considerable heat 
emission of the electric lamp which illuminates the 
work-bench. This new appliance is therefore a com- 
bined ventilation and work-illuminating device com- 
prising an air duct and an electric lamp which provides 
the light and at the same time the necessary heat to 
create a chimney effect capable of withdrawing fumes 
from the work and dispersing such fumes in diluted form 
above the level of the worker’s head. 

The Fume Extractor will stand on its own base or it 
may be screwed to the bench or wall. The height or 
angle of the funnel can be adjusted to suit any kind of 
work up to 2 ft. high. The extractor is available in two 
models, one of heavy gauge stainless steel, and one of 
aluminium alloy. 

The Acru Electric Tool Manufacturing Co., Ltd., 

123, Hyde Road, Ardwick, Manchester, 12. 


Antisep Cutting Oil Base 
A NEw development of Edgar Vaughan & Co., Ltd., is 
their Antisep All-purpose Base which represents an 


important advance in cutting oil technique. It covers 
almost every type of machining including efficient and 
safe operation of automatics—not formerly regarded as 
suitable for the application of water-soluble oils. 

Miscible in water—or oil if necessary—Antisep is a 
base high in saponifiable matter and sulphur having a 
very high film strength when diluted with an appropriate 
amount of water. It can be used neat andisalsosuitable 
for use as a drawing and stamping compound. 

Among the advantages claimed for Antisep are : 
machines can be operated at greater speeds and feeds ; 
finer finishes are obtainable ; tool life is increased ;_ it 
will not turn rancid in the machines or in storage ; the 
antiseptic treatment discourages bacterial growth—an 
indirect aid to greater production; its excellent rust 
preventive and lubricating properties prevent wear, 
corrosion or staining of valuable machine bearings and 
spindles ; chips and dust fall readily out of suspension 
and, hence, are not present to impair the finish of the work. 

Edgar Vaughan & Co., Lid., Legge Street, Birming- 

ham, 4. 
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Book Reviews 
THE FRICTION AND LUBRICATION OF SOLIDS 


P. Bowden and D. Tabor, pp. 337. Oxford at the 


By F. 
Geoffrey Cumberlege, Oxford Univer- 


Clarendon Press, 1950. 

sity Press, London. 35s. net. 

As Dr. Bowden once remarked, friction is a very old- 
fashioned subject. It has certainly not received the 
attention from physicists and chemists commensurate 
with its importance in the field of mechanical engineer- 
ing. Although Leonardo da Vinci wrote on the subject 
and Amontons clearly stated the laws of friction in 1699, 
systematic research into the mechanism of friction began 
only in the last thirty years. The work of Sir William 
Hardy in the 1920's forms the background of modern 
thought on the subject, and in the last fifteen years much 
has been added to our knowledge, particularly by Dr. 
Bowden and his co-workers at Cambridge University 
who have produced the first comprehensive book devoted 
to the physies of friction. 

The authors’ approach to the subject is almost purely 
academic and the book contains little technology. The 
treatment is simple and unclouded by mathematical 
trivia, and everyone engaged in the solution of frictional 
problems, whether industrial or academic, will find it 
invaluable as a guide and reference. 

The preface clearly states that it was not intended to 
produce a textbook but to describe the experimental 
work carried out by the authors and their colleagues over 
the past ten years or so at Cambridge and in Australia. 
It commences with an account of the plastic deformation 
between two surfaces under load, and shows, with the 
help of experiments on electrical conductivity between 
them and calculations of the actual plastic deformation, 
that they are in contact over a small part only of the 
nominal contact area. The temperature developed at 
the points of contact when relative motion takes place is 
examined by a series of elegant and ingenious experi- 
ments making use of the thermal e.m.f.’s developed 
between two dissimilar surfaces. It is shown that 
localised hot spots occur at temperatures close to, but 
never greater than, the lower melting point of the two 
metals, irrespective of their relative hardnesses. After 
a description of the Bowden and Leben friction apparatus 
the authors’ theory of metallic friction is stated, and is 
supported by numerous plates showing that, locally, the 
surfaces have welded and in separating, specks of metal 
are plucked from the softer surface. A simple mathemat- 
ical treatment is given and in subsequent chapters is 
used in discussing friction between dry surfaces and 
surfaces lubricated by soft metal films and by adsorbed 
oil films. Chapters are included on non-metallic friction, 
polishing, sliding on ice and snow, collision between 


solids, bearing metal alloys (in which the “ hard 
particle’ controversy is treated scientifically, perhaps 
for the first time), and metallic wear. These are 


probably the most useful sections in the book, from the 
practical point cf view. 

The book, therefore, covers a very 
troversial field. The great amount 


con- 
and 


wide and 
of detailed 


careful experimental work quoted argues convincingly 
in the Authors’ favour, and crities will have much to 
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There 
notable omissions such as the production of frictional 
electricity and its possible influence on the coefficient of 
friction (it has been suggested that induced static 


overcome in establishing their doubts. are 


charges could account for many transient e.m.f.’s 
recorded between dissimilar surfaces moving relatively 
to each other), variations in friction at high speed and 
the technological friction tests such as the four ball 
machine which, although designed generally for com- 
parative tests, merit careful study. 

Criticism is made chiefly of the presentation of the 
subject matter. The layout does not assist the reader in 
following the authors’ reasoning. For instance, the 
discussion on polishing and sliding on ice, although 
concerned with interfacial temperatures, is out of place 
between chapters on surface temperature and the 
friction and surface damage of sliding metals. This and 
similar discussions on bearing metals and non-metallic 
friction might have been placed with advantage after the 
treatment of metallic friction was completed. The 
experimental evidence is perhaps too detailed and tends 
to be confusing at a first reading. Finally, the biblio- 
graphy given is by no means complete, a serious omission 
ina book which will become a standard work of reference. 

The publishers have reproduced the numerous plates 
and line diagrams clearly, although the arrangement of 
the plates in relation to the text could be improved, and 
for a reasonable sum have made available a beautifully 
printed and bound book which will fill a gap in the 
literature of physies. R. B. Sts. 


PLASTICITY OF CRYSTALS WITH SPECIAL 
REFERENCE TO METALS 

Translation of the German 

Beriicksichtigung der 

pp. Xvi 353. 1950. 

Ltd., Bath House, 


By E. Schmid and W. Boas. 

Kristallplastizitaet mit besonderer 

Metalle,” by F. A. Hughes & Co., Ltd. 

Published by F. A. Hughes & Co., 

Piccadilly, London, W.1. 35s, 

Tue fundamentals of plastic deformation of metals 
constitute a topic which continues to attract very great 
attention among both research and technological 
workers. The literature of the subject must now be 
enormous, extending as it does to embrace metallic 
failure of all kinds and under all conditions, and to 
theories of the strength of metals and alloys. 

Among this mass of theory and data Kristall- 
plastizitaet still occupies a foremost position, not only 
because it was a pioneer work but because it remains, for 
most of its field, the most lucid, thorough and complete 
account assembled in one place. In spite of the fact that 
much new theory has appeared in the fifteen years since 
the book was written, its translation was well worth 
while ; the conciseness of the original text did not make 
it easy for those who had to add the difficulty of language 
to that of the subject. 

The translation was obviously a formidable task ; 
equally obviously the result is an outstanding success. 
The translator had already done excellent work in 
handling two highly specialised books on magnesium ; 
no doubt he was in good training—he had to be. The 
fact that he was helped in the polishing stage by three 
experts of the Cavendish Laboratories ensured a result 
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s near perfection as one is entitled to expect. Misprints 
re practically absent and I detected only two tiny 
dications of German usage surviving all the revisions 
he translation must have had. 

It is only the last two chapters of the book, occupying 
«bout fifty pages, which are appreciably dated: these 
deal with theories of plasticity and strength, and with 
textures of polycrystalline material. The reader is 
helped here by a translator’s preface which gives good 
advice on recent publications covering this part of the 
work, one of them (in English this time) by Dr. Boas 
himself. 

The printing and paper are excellent. The publishers 
have done a valuable service in making this translation 
available, the more so since its subject is not their special 
concern in any narrow sense. F. A. Fox 


METALLURGY IN ANTIQUITY 


By R. J. Forbes, pp. 489, 98 illustrations. 
Leiden, 1950, 19 gldrs. (38s.) net. 


E. J. Brill, 
SoME years ago the present reviewer drew attention to 
a curious exhibit in a museum. This was a Japanese 
sword which, according to its label, had been * made by 
the Bessemer process.”” The card then went on to state 
that the inscriptions on the blade showed it to be five 
hundred years old! This incident lends support to the 
declared object with which the present book was written, 
namely, to bring the archaeologist and technologist into 
contact with each other’s results so that there may be 
more co-operation. The author complains that experts 
on each side are not consulted sufficiently, and warns us 
that “even the description of museum objects can not 
always be trusted as long as they have not been properly 
analysed.”” One can have sympathy with this view, for 
a piece of prehistoric “ bronze ” from the Swansea region 
was recently shown to be devoid of tin. 

This excellent book by a Dutch technologist was 
completed in 1942, but printing was delayed because of 
the war. The English used in the text is first class, with 
just an occasional curiosity, such as “ oxide” being 
sometimes spelt with a “ y.” The subject is approached 
from the technological as well as the archaeological angle, 
but the detailed methods of smiths and jewellers are 
reserved for a later publication. Metallographic aspects 
are not considered but technical points find adequate 
treatment, and there is a whole chapter on “ Tools and 
Methods of Early Metallurgy.” We also find a chapter 
on “ The Evolution of the Smith, His Social and Sacred 
Status ” which should be of special interest to members 
of the Institution of Metallurgists. We learn of the 
development of the itinerant tinker and of the smith-gods 
of antiquity, and although the book purports only to 
cover the Near East and up to about 500 A.D., neverthe- 
less there are references to the Middle Ages and the 
decline which accompanied the Industrial Revolution. 
At this stage the author declares that the old rhyme : 

* T heard that Smug the smith for ale and spyce 
Sold all his tools and yet kept his vice ” 
has come to be only too true. On the large canvas of 
listory, the status of the smith is a mottled patch, but 
perhaps the fringes of the future now show to the 
cbserver a faint promise of gold. 

In an Index comprising eight pages, neither Cornwall 
ior Ireland are listed, though the former is frequently 
1 ferred to (pp. 236-248) in connexion with tin. The 
* ipposed trade with the Phoenicians is discounted and 
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we learn that the “Cassiterides”’ are now generally 
considered to stand for a general name of the tin 
localities in Western Europe, the primary Bronze Age 
mines being placed in Spain. Although Ireland has been 
described by Sir Cyril Fox as “ the unchallenged work- 
shop of the Western World ” up to about 1500 B.C., she 
receives little attention in this book. On p. 242 we 
read that “ cassiterite is found in Ireland in the gold 
placers of Wicklow ” but are told nothing about the Irish 
gold work. There is a mention on p. 305 that “ Irish 
copper ores are practically exhausted ” but we do not 
learn anything about the early Celtic metallurgists. This 
confirms that the main emphasis is on the Near East— 
though there are also many references to Africa and the 
Far East. South African archaeology is still in its 
infancy and the book offers no solution of the Zimbabwe 
problem (p. 327). This cannot be because of any lack of 
knowledge of the literature for the author has listed a 
terrific bibliography, subdivided so as to come at the end 
of the appropriate chapters. The references, the 
illustrations and the critical discussions make this a very 
valuable book for the serious student of the subject. 


Hucu O'NEILL. 


DEVELOPMENTS IN METAL 
FINISHING 
Arrow Press Ltd., 29, Grove Road, Leighton Buzzard, 

Beds. 5s. post paid. 

Tuis is an edited version of eight lectures given recently 
at the Northampton Polytechnic, London, under the 
auspices of the Head of the Applied Chemistry Depart- 
ment—Dr. J. E. Garside. 

The contents include: Developments in Electro- 
deposition Processes and in Plant for Electrodeposition 
by E. A. Ollard, F.R.LC., F.1.M., of the British Non- 
Ferrous Metals Research Association ; Phosphate 
Treatments for Iron and Steel by H. A. Holden, M.Sc., 
A.R.C.S., D.L.C., A.1.M., of the Pyrene Co. Ltd.; The 
Protection and Decoration of Aluminium by V. F. 
Henley, B.Sc., F.R.1.C., of W. Canning and Co. Ltd. ; 
and Methods for the Protection of Magnesium Alloys 
by W. F. Higgin, Ph.D., of Magnesium Elektron Ltd. 

Three lectures dealing with the history and general 
principles, the composition and application methods and 
the industrial applications of vitreous enamel are 
included by W. E. Benton, M.Sc., of 8S. Flavel and Co. 
Ltd., 8S. Hallsworth of Metal Porcelains Ltd., and 
H. Laithwaite, M.Se.Tech., A.R.1I.C., of Radiation Ltd. 


MODERN 


TINPLATE HANDBOOK 
By W. E. Hoare, B.Sc., F.1.M., 32 pages, published by Tin 
Research Institute. 


Buyers and users of tinplate will find this illustrated 
booklet invaluable, particularly if they are engaged in 
the export or import trade, as it contains all the facts and 
information they are likely to require and also includes 
an English-French-German-Spanish glossary of the 
technical terms of the trade. 

The steelmaking and tinning processes used in the 
manufacture of both hot-dipped and electrolytic tinplate 
are summarised and the factors which determine the 
suitability of the various types of tinplate for any 
particular application are discussed. The major uses of 
the principal grades of tinplate are indicated and 
methods of testing mechanical properties, coating 
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thicknesses and lacquer adhesion are briefly described. 
The trade terms used by the British and American tin- 
plate industries are defined and methods of grading and 
classifying the finished tinplates are reviewed. Gauge 


tables and conversion tables covering a wide range of 


coating weights and thicknesses will be of value to all 
tinplate consumers and specimen orders will be useful to 
buyers who are not thoroughly conversant with modern 
methods of tinplate production. 

This publication is available free of charge on 
application to: Tin Research Institute, Fraser Road, 
Greenford, Middlesex, England ; Centre d’Information 
de VEtain, 31, Rue du Marais, Brussels, Belgium : 
N. V. Billiton Maatschappij, (Commerciele Dienst), 
Louis Couperusplein 19, The Hague, Holland; or Tin 
Research Institute, Inc., 492, West Sixth Avenue, 
Columbus, 1, Ohio, U.S.A. 


MECHANICAL WORLD YEAR BOOK 

EDITION 
Emmott and Co. Ltd., 31, 
3s. Gd. net. 


360 pp., numerous tables. 
King Street West, Manchester, 3. 
In the preface to the 1951 edition of this well-known 
year book, reference is made to the importance of 
industrial productivity at this critical time: “ The task 
is that of augmenting the productive power of the 
individual by the application of machinery—a problem 
that ranges the length and breadth of industry, and 
nowhere with more importance than in mechanical 
engineering, which may truly be regarded as the hand- 
maiden of all mechanised industry.” 

It is for that reason that Engineering Aspects of 
Productivity has been chosen for authoritative treat- 
ment in a 24-page survey by Dr. D. F. Galloway, 
Director of the Production Engineering Research 
Association of Great Britain. The useful section on 
yas turbines, introduced last year, is retained in this 
edition and other subjects covered include Belt Con- 
veyors and Elevators; Fuel and Lubricating Oils ; 
Machine Tools ; Diamond Tools and their Application ; 
the Light Alloys:  Die-casting: Plastics; Steam 
Boilers ; Boiler Mountings, Fittings and Instruments ; 
External Pressure on Tubes, Cylinders and Pans; 
Steel; Brasses and Bronzes ; High-Speed Steel Tools ; 
High-temperature Measurement ; Case-Hardening 
Practice ; Mechanical Press Work ; Toothed Gearing : 
Production of Gears ; and Notes on Steam Turbines. A 
feature of this year book has always been its tables in 
Which is to be found extensive data on a wide range 
of subjects related to mechanical engineering. 


Books Received 

“Chromium Plating,” by E. S. Richards. Third 
edition. 154 pp., 106 illustrations. Charles Griffin and 
Co. Ltd., London. 1950, 17s. net. 

Basie Refractories: Their Chemistry and Per- 
formance,” by J. R. Rait, Ph.D., D.Se., A.R.T.C., with 
a Preface by Dr. A. T. Green, O.B.E., D.Se., F.R.LC. 
$10 pp., 109 illustrations, 112 tables. Cloth bound with 
jacket. Published December, 1950, for Iron and 
Steel’ by [liffe and Sons Ltd., London. 

“Cyanidation end Concentration of Gold and Silver 
Ores,” by John V. N. Dorr and F. L. Bosqui. Second 


edition. Stl illustrations, 2 appendices. 


McGraw-Hill Publishing Co. Ltd., London. 1950. 
72s. 6d. net. 


Trade Publications 

WIGGIN NICKEL ALLOYS 
A sien of the times in which we live is to be found in 
a note at the top of the first page of the current issue 
of Wiggin Nickel Alloys, to the effect that references 
to specific applications of Wiggin nickel products should 
not be taken to imply that they are freely available for 
such applications. 

Cast phenolic resins are well known light engineering 
materials produced by the interaction of phenol and 
formaldehyde, two corrosive fluids. For the production 
of these resins, Messrs. Catalin Ltd. chose nickel for 
stills, for bulk storage of phenol, for base resin storage 
and for many types of utensils used throughout the 
plant. After fourteen years’ use, the nickel plant is so 
good that its life cannot yet be determined. Other 
applications of Wiggin products include furnace parts ; 
traction resistances; gaskets for steam pipe lines ; 
heating coils in tanning pits ; mixer parts; and control 
equipment for analgesic apparatus. 


THE DURABILITY OF ZINC ALLOY DIE CAST 
CONDUIT FITTINGS 
Tuts booklet is intended to provide users of electrical 
equipment with information on the performance of zine 
alloy die cast conduit fittings under various conditions 
of installation. Much of the information it contains is 
the result of special investigations and _ laboratory 
corrosion tests which have been done on behalf of the 
Association. The text includes recommendations for 
providing additional protection when the fittings are 
exposed to particularly corrosive conditions, and it is 
illustrated by photographs of examples chosen from 
among the many commercially available zine alloy die 
cast fittings. Emphasis is laid on two points, viz.: the 
zine alloy used must comply with British Standard 
10044, and careful attention must be paid to design. 
Copies of the booklet can be had on request to the 
Zinz Alloy Die Casters Association, Lincoln House, 
Turl Street, Oxford. 


THE USE OF FUEL OIL IN FURNACES FOR THE 
IRON AND STEEL FABRICATING INDUSTRIES 
Tuts booklet is a reprint of a paper by M. Roddan, 
M.Inst.Pet., M.Inst.F., at a conference on Modern 
Applications of Liquid Fuels organised jointly by the 
Institute of Petroleum and the Institute of Fuel and 
held at the University, Birmingham, in September, 1948. 

After dealing With general technical aspects of the 
use of fuel oil, the author proceeds to give details of the 
various types of burner suitable for furnace installations. 
Following a short section on automatic control a number 
of typical examples of the application of oil-firing to 
metallurgical furnaces are described. These include a 
slab reheating furnace; a rolling mill furnace; a bar 
furnace for a sheet mill; a plate heating furnace; a 
bogey-type sheet annealing furnace ; a bell-type anneai- 
ing furnace; a bogey-type roll annealing furnace; a 
small forging furnace: a pin heating furnace; a 
wrought iron pile reheating furnace; a strip heating 
furnace for conduit welding; a rotary iron melting 
furnace ; a continuous vitreous enamelling furnace ; 
and terne melting pots. 

Copies of the booklet are obtainable, free of charge, 
from the Fuel Oil Department, Sheli-Mex and B.P. Ltd., 
Shell-Mex House, Strand, London, W.C.2. 
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Furnace Brazing of Machine Parts 
By H. M. Webber 


URNACE brazing has made con- 

siderable progress in recent years, 

but to obtain the most satisfactory 

results much thought should be given 

to fixtures, joint types, fits, metals and 

their properties, and typical furnaces 
used for this kind of work. 

Component parts of assemblies to 
be brazed must be held in their proper 
relationship: to this end gravity may 
help to hold parts together or it may 
cause them to try to move with respect 
to one another, after they heat up and 
expand. Gravity may also affect the 
flow of brazing metal into or away 
from the joints. 

Assemblies to be furnace brazed 
should be so designed that they will 
self-lock themselves or are provided 
with auxiliary fixtures for the purpose. 
This factor should be decided when it 
is considered that furnace brazing is 
applicable, as should the location of the 
brazing metal and the types of joint 
likely to give the desired result. 

The simplest method of assuring 
proper relationship between parts is 
to lay one on top of the— other. 
Auxiliary weights may be used to press 
the parts together as they travel 
through the furnace, to assure intimate 
contact and tightness of the bonds, or 
the assemblies may be spot welded to 
ensure accurate indexing. 

Probably the most common type of 
joint for furnace brazing is the sleeve 
fit. With a vertical axis, expansion on 
heating might result in movement, and 
several methods to prevent this may 
be adopted, such as tack welding, 
pinning, or providing a_ shoulder. 
With a horizontal axis, however, 
movement is not so common and such 
precautions are usually unnecessary. 
An advantage of the sleeve fit is that 
the area can often be controlled to the 
extent that the ultimate strength of 
the bond is equal to or greater than 
that of one or more of the components. 
The use of extruded holes in stampings 
where tubular members are to be 
inserted is highly desirable ; they not 
only give greater bonding area for high 
streigth and tightness, but sometimes 
assist in the assembly of the parts. 

© her methods of self-locking assem- 
blie’ include spot welding, tack weld- 
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ing, riveting, pinning, crimping, and 
the like. It is not possible, however, 
always to incorporate any of these 
methods successfully. In such cases 
it is necessary to use fixtures to 
maintain proper relationship of the 
parts, but fixtures are avoided where- 
ever possible. On the question of fits 
and clearances, it is almost impossible 
to give suggestions that will cover all 
conditions, involving types of parent 
metals, combinations of parent metals, 
and brazing methods used, but some 
rules can be given with advantage. 
Optimum conditions for best strength 
and tightness are not always adhered 
to because wider tolerances are some- 
times acceptable from the standpoint 
of results, the machining costs being 
lower than when optimum conditions 
are striven for. As a result of tests to 
determine the effects of fit on the 
strength of copper-brazed low-carbon 
steel assemblies and from experiences 
with other metals under a variety of 
conditions, the following guide is 
offered :— 

1. Brazing low carbon steel with 
copper—size to size to light press 
fit. 

Brazing high carbon steel with 
copper—0-001 in. loose on dia- 
meter to light press fit. 

Brazing non-ferrous or ferrous 
metals with silver alloys—0-002— 
0-004 in. loose on diameter. 
Brazing aluminium alloys with 
aluminium-silicon alloys—0-012— 
0-050 in. loose on diameter. 

A wide variety of parent metals and 
combinations of parent metals can be 
successfully furnace brazed, many 
easily, some with slight difficulty, and 
others in which the difficulties are 
more serious but can be overcome. A 
number of parent metals, of course, 
cannot be furnace brazed, but the 
variety of usable ones is such that 
electric furnace brazing enjoys rather 
wide application. In all cases the 
question of cleanliness arises. It is 
common to remove grease, heavy oil 
and soapy lubricants. Lubricants 
containing lead must be removed, as 
well as those containing sulphur, 
because of adverse effects on the 
strength of the bonds. Some lubricants 
carbonise within the joints upon 
heating up and, as carbon and brazing 
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metals have no affinity for one another, 
the carbon impairs strength and 
tightness of the bonds. Light oils are 
sometimes left on parts where tightness 
is not a factor, and satisfactory results 
are still obtained. A high-temperature 
caustic wash with steam rinse often 
does an effective cleaning job in 
removing all foreign matter from the 
parts. 

A wide assortment of brazing metals 
are successfully used in furnace brazing 
work, but in the bulk of this type of 
work application is narrowed down to 
a few commonly used brazing metals, 
as follows 

1. Copper is used for perhaps 95% 
of the furnace brazing output because 
most of the components thus assembled 
are of low-carbon steel on which copper 
wets excellently and creeps into joints 
without the aid of an auxiliary flux. 
Some parent metals require flux even 
with copper as the brazing metal, if 
certain alloying elements exceed 2% 
total, such as chromium, manganese, 
silicon, vanadium, and aluminium. 

2. Brass is often suggested as a 
brazing metal because of its low 
melting point, but is seldom used. 
Zine distills from the brass which 
entails three important disadvantages : 
zine loss results involving increased 
temperature ; zine attacks heat 
resisting alloy parts in furnaces; and 
zine oxidises on the surface of the 
brass even in protective atmospheres, 
forming a retaining shell which holds 
the molten brass within. This means 
that a solvent flux must be used to 
increase flowing and wetting. 

3. Several phosphor-copper brazing 
alloys, some of which contain silver, 
are available for use on non-ferrous 
alloys, which flow at temperatures of 
1,300° to 1,400°F. These brazing 
metals, because of their phosphorus 
content, are self-fluxing on copper, 
but usually require auxiliary fluxes 
when used on brass and other zinc- 
containing alloys. They are not 
suitable on ferrous metals because the 
iron phosphide formed is weak and 
brittle. 

4. Low melting silver-brazing alloys 
are available, containing silver, copper, 
cadmium, and zinc, which are excellent 
on both ferrous and non-ferrous parent 
metals flowing at 1,175° and 1,145° F. 
Fluxes are nearly always required 
with them. 

Most metals, unless they are of the 
air-hardening type, come from the 
brazing furnace uniformly  dead- 
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annealed. This condition is generally 
considered highly desirable, — but 
occasionally the loss of cold-worked 
hardness is detrimental to the job. 
This may cause the abandonment of 
furnace brazing in favour of torch or 
induction brazing, but there are a few 
ways of overcoming this difficulty, the 
most useful being as follows : 

1. Cold) working of parts after 
furnace brazing will give just as good 
hardness and stiffness as before brazing. 

2. Cyanide hardening of low carbon 
steel assemblies after furnace brazing 
stiffens them somewhat. 


3. If the parent metal contains 
sufficient carbon to be heat-treatabie, 
heat treating after furnace brazing will 
of course, improve the — physical 
properties. 

Air hardening steels harden upon 
quick transfer from the heating 
chamber to the cooling chamber in 
normalised condition, with high 
strength in the parent metal. The 
strength of copper brazed bonds after 
heat treatment is, in general, satis- 
factory if the assemblies are fairly 
uniform in section, so that quench 
stresses are not set up in the bonds. 


Engineering Properties of Iron Castings 
can be improved by Heat Treatment 


By C. Herington 


AST iron has received a tremendous 

amount of attention from research 
workers during the last decade and 
instead of a fall in application, as was 
predicted, production of iron castings 
is expanding and to-day cast iron is 
being used extensively in cast crank- 
shafts for diesel and other type 
engines, pressure work, die manu- 
facture, presses, mining equipment and 
a very wide range of parts for practi- 
cally all branches of industry. Gener- 
ally, changes in design to increase 
efficiency or reduce machining costs 
are more readily accomplished with 
castings. 

Research work has done much to 
effect control of the structures and 
Meehanite metal, which is produced in 
several types, is a typical example of 
what can be achieved from control of 
the size and shape of the graphite 
contained in the metal, One of the 
features of the manufacturing tech- 
niques applied in the production of 
Meechanite castings is the ability to 
control the weakening influences of 
sectional changes and so regulate the 
metal in relation to the casting section 
that the engineering properties required 
are achieved uniformly. These tech- 
niques have been devised to permit 
accurate control of the structure of 
the solidified metal and it is this factor 
which results in an equal control of the 
mechanical characteristics of the 
casting. 

As a result of these structural 
controls and the uniformity which is 
achieved by them, Meehanite castings 
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have shown outstanding reactions to 
the various standard forms of heat 
treatment. Tensile strengths above 
34 tons sq. in. and Brinell hardness 
up to 500 can be achieved by oil 
quenching from 870°, while a flame- 
hardened surface will approach 600 
Brinell to a depth of case from § in- 
to In addition toughness is 
substantially increased with the attain- 
ment of Charpy impact values above 
lO ft. Ib. if the material is tempered 
at about 400° C. for several hours. As 
a result of these sharp improvements 
in design and engineering charac- 
teristics, considerable investigation has 
been carried out to study the effect 
of heat treatments. Attention has 
been directed to six basic heat treat- 
ments which are commercially appli- 
cable and much work has been done 
to establish the so-called “ critical ” 
temperature range as far as Meehanite 
metal is concerned. 

Stress Relieving.-This treatment 
has almost entirely superseded the old 
method of ageing or weathering. 
Temperatures must be kept below the 
critical, with the temperature and time 
of annealing treatment depending 
upon the size and form of the casting. 
Recommended temperatures for Mee- 
hanite metal types GE-GO being 510 
to 538° C., for GC-GB 566° to 594° C, 
and GA-GM 600° to 620° C, 

Annealing — for Machining..-The 
recommended temperatures for the 
low and high temperature anneals 
are: types GE-GD—660° to 680° C, ; 
GC-GB— 665° to 685° C.: and GA 
GM-— 675° to 695° C. for low tempera- 
ture anneals and 840°, 850° and 


860° C., respectively, for high tem- 
perature anneals. When using the 
high temperature treatment castings 
should be heated slowly to about 
650° C. and then allowed to soak at 
this temperature to ensure uniformity. 
The temperature can then be raised 
rapidly. 

Quench for Hardness.—Most of the 
general engineering types are com- 
parable to carbon steel in their 
reaction to quenching in water or oil 
from above the critical temperature. 
In such cases, after soaking at about 
650° C., the temperature is raised to 
about 850°C. and the castings can 
then be quenched in oil or water. 
Except simple castings, it is preferable 
to quench in oil or warm water to 
reduce the chances of cracking. It is 
recommended that castings should be 
withdrawn from the quenching medium 
while still about 100°C, trans- 
ferred to a furnace for tempering. 

Martempering. — This treatment 
transforms the structure to what is 
described as a martensitic structure. 
The method is less severe in creating 
internal strains. The casting is 
quenched from above the critical in a 
liquid bath and held at a temperature 
of about 260°C. When the tempera- 
ture of the casting is similar to that 
of the bath it is withdrawn and cooled 
in air. A low temperature draw can 
be used to further reduce the tendency 
toward cracking. 

Interrupted Quench.—This treatment 
which is sometimes described as 
austempering, consists in holding the 
casting above the critical at about 
850° C. until it is uniformly heated and 
then plunging it in a salt or lead bath 
held at a temperature between 260 
and 480° C. depending on the structure 
desired. Low temperature baths pro- 
vide structures practically as hard as 
the conventional quench, but draw 
considerably tougher. High bath 
temperatures give a softer structure. 

Spheroidising.—In this treatment the 
casting is submitted to prolonged 
heating at a temperature below the 
critical. Experiment has determined 
that 700°C. is the minimum for the 
higher types of Meehanite metal, with 
the maximum results being obtained 
by holding at this temperature for 
five hours upwards. This treatment 
gives hardness only in the range of 
about 180 Brinell. 

Flame Hardening.—This treatment 
has been applied to Meehanite casting 
with beneficial results. A method is 
described in which a surface hardness 
of } to } in. total depth is obtained, 
the case being file hard. 
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Separation Methods In Metallurgical Analysis 
By T. S. West, B.Sc., A.R.LC. 


Chemistry Department, University of Birmingham 


Developments are continually taking place with a view to the more efficient separation of 


various metals in metallurgical analysis. 


In this article a review of recent progress 


in extraction and precipitation methods is presented. 


I. EXTRACTION METHODS 


Extraction of Iron 


(a) With diethylether. The diethy! ether method of 
extracting iron as ferric chloride from hydrochloric acid 
solution was first advanced by Rothe.' Unfortunately, 
manual extraction employing an ordinary separating 
funnel is very inconvenient, and for most purposes it is 
impracticable to reduce the concentration of ferric 
chloride below 5°, of the amount originally present, 
although it has been reported that the amount of iron 
may be reduced to a few tenths of a milligram.2? The 
concentration of the chloride ion is very critical. There 


are many disadvantages, however, to the use of ether as 
an extractant ; for example, the ether is so soluble in 
water that the volume of the aqueous layer tends to 
increase by as much as 25°, on this account. Also, since 
the chloride ion concentration is very critical, and 
hydrochloric acid is appreciably soluble in ether, the 
organic layer has to be previously saturated with 


hydrochloric acid. The heat effect of extraction is con- 
siderable and, combined with the high volatility and 
inflammability of the ether, this makes the operation 
unpleasant in use. Impurities, such as peroxide, in the 
ether, cause reduction of iron to the ferrous state, in 
which valency state it cannot be extracted. Indeed, 
even in the absence of impurities, it was discovered by 
Ashley and Murray* that reduction takes place photo- 
chemically in the presence of ordinary light. This 
photochemical reduction is observed to take place with 
other extractants such as diisopropyl ether. The chief 
disadvantage to the use of diethyl ether is, however, its 
extreme volatility combined with high inflammability, 
and its low density, which necessitates the use of a 
special separatory funnel of the Rothe type. 


(5) With diisopropyl ether. Diisopropyl ether was 
advanced by Dodson, Forney and Swift‘ as a more suit- 
able reagent for the extraction of ferric chloride from a 
hy‘rochloric acid medium. This reagent is readily 
avilable and is less inflammable than diethyl ether. 
Fo: optimum extraction of ferric chloride at room tem- 
per ture, an acidity of 7-5-8-0 N. hydrochloric acid is 
reo tired, and it is claimed that diisopropyl ether is more 
efi ient than diethyl ether under comparable conditions ; 
als that the range of acid concentrations over which a 
fay urable extraction is obtained is much wider. As 
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with diethyl ether, the percentage extraction decreases 
with the amount of iron being extracted, but at all levels 
diisopropyl ether is more efficient. For example, in 
extraction of 1 mg. of iron, 96°, extraction was obtained 
as against 80°, for diethyl ether. Three successive 
extractions with diisopropyl ether gave virtually com- 
plete extraction. The authors claim that, in the presence 
of isopropyl alcohol and peroxide, no reduction takes 
place. This is refuted by Ashley and Murray, who found 
that reduction is also caused photochemically. However, 
diisopropyl ether has the undoubted advantage of being 
less soluble in the aqueous substratum, and also, when 
saturated with hydrochloric acid, the concentration only 
reaches 0-25 M. at 25° C. 

Chloride should be the only anion present, and the 
solution should be evaporated down to dryness with an 
oxidising agent to destroy ferrous chloride, prior to 
solution in hydrochloric acid of the appropriate strength. 
Ferric iron can be completely extracted from copper, 
manganese, nickel, aluminium, chromium, zinc, vanadium 
(IV) and titanium (IV). Large amounts of pentavalent 
vanadium pass into the ethereal layer however, as do 
phosphate and molybdenum. 


(c) With BB’ dichlorodiethyl ether. Observing that the 
mutual solubility of hydrochloric acid and £, B’ dichloro- 
diethyl ether was very small, and that the ether is more 
dense than the aqueous solution, Axelrod and Swift® 
employed this reagent for the extraction of ferric iron, 
It was found that with 8, 8’ dichlorodiethyl ether, 
extraction became more efficient the higher the concen- 
tration of hydrochloric acid. The minimum acidity is 
7 N., and even in 11-5 N. acid no diminution in the 
extractive power of the ether was observed. The process 
takes longer than with the previous reagents, and is said 
by some workers to be less efficient. However this may 
be, for the separation of large bulks of ferric iron the 
reagent possesses the advantage of being more dense 
than the aqueous layer, thus allowing several extractions 
to be made consecutively in an ordinary separating 
funnel. Also the acid concentration is less critical, the 
reagent is non-inflammable, and the heating effect, 
which is considerable with diethyl ether, is very small 
with the dichloroethy! ether. 


(d) With amyl acetate. Wells and Hunter* found that 
when ferric chloride, in concentrated hydrochloric acid 
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medium, is shaken up with a layer of amyl acetate, 
99-6°,, of the iron passes into the organic phase. Addition 
of concentrated sulphuric or phosphoric acid to the con- 
centrated hydrochloric acid solution further increases 
the degree of separation so that it becomes virtually 
complete. If molybdenum is present, 82°, is extracted, 
and the corresponding figures for tin (IV) and vanadium 
(V) are 68°, and 14°, while traces of aluminium, 
titanium and cobalt are also extracted. The authors 
claim that the extraction process is more efficient and 
less critical with regard to acid concentration than the 
preceding solvents, and although it has the undesirable 
property of being less dense than the aqueous layer, the 
solvent is non-volatile and non-inflammable. 

(e) With acetyl acetone. Acetyl acetone forms com- 
plexes with a number of metals, and although these 
complexes are not very soluble in water, they are readily 
soluble in the reagent itself, and in most organic solvents. 
Thus, it is possible to remove metals from the aqueous 
phase by extraction with the reagent. Using a solution 
of acetyl acetone in carbon tetrachloride, Abrahamezik? 
was able to remove iron quantitatively from aqueous 
solution. Other metals simultaneously removed were 
manganese, titanium, copper and vanadium. 


Extraction of Antimony 


The preferential extraction of antimonic chloride from 
antimonous chloride in hydrochloric acid solution by 
diethy! ether was first reported by Mylius and Huttner.* 
At an acid concentration between | and 6 M., they found 
that under the most favourable conditions 85°, and 
of antimonic and antimonous chlorides were 
extracted. Following the example of Dodson, Forney 
and Swift, Edwards and Voigt® employed diisopropyl 
ether and obtained a rapid and efficient separation over 
a wide range of acid concentrations. Between 6 M. and 
9 M., the extraction of pentavalent antimony took place 
in a matter of a few seconds and was virtually complete. 
Reduction to the lower valency state took place to the 
extent of 0-2°,, and the ratio of trivalent antimony in 
the organic layer to that in the aqueous layer was found 
to be 0-016. No pentavalent antimony remains in 
the aqueous phase. The accompanying trivalent anti- 
mony may be removed from the pentavalent metal in 
the organic layer, by one extraction with 6-5-8-5 M. 
hydrochloric acid, except for about 0-04°, of the original 
trivalent material. All the pentavalent antimony 
remains in the organic solvent. 


Extraction of Uranium 


Uranium in the form of uranyl nitrate can be extracted 
with diethyl ether below pH4.'® Although the presence 
of nitrate ions favours the extraction process, as does 
high acidity, the latter factor unfortunately leads to the 
extraction of other substances. Thorium and _ nickel 
retard the extraction. In the procedure developed by 
Helgar and Rynninger™ to extend the extraction to 
minerals, these are powdered, and heated at 600° C. to 
remove organic matter and sulphur, slags are fused with 
sodium carbonate and peroxide, sulphate and phosphate 
are removed on an ion exchange column, and chloride is 
removed by evaporation to fumes with nitric acid. The 
solution is then saturated with ammonium nitrate and 
extracted with aiethyl ether. Later work by Scott! 
has shown that the optimum extraction is obtained by 
using 3 M. nitric acid, and maintaining the solution 1 M. 


with respect to ferric nitrate. Ninety-nine per cent. 
recovery of uranium is obtained after three extractions, 
using a volume of ether equal to the volume of solution 
being extracted. 

Extraction of Gold 


Gold may be extracted with ethyl acetate" or diethyl 
ether from a solution containing 10°, hydrochloric 
acid. Yoe and Overholser™ have used the latter reagent 
to extract gold from palladium. The solution, containing 
auric and palladous chlorides to the extent of about 10°,,, 
is shaken up in a separating funnel with ethyl acetate, 
the acid layer drawn off, and the organic layer washed 
with a few ml. of 10°, hydrochloric acid. The ethy! 
acetate solvent was found to be more selective than 
ether, and by this process gold can be separated from 
the chlorides of sodium, potassium, magnesium, chro- 


mium, aluminium, strontium, calcium, and barium 
also from manganese, cobalt, nickel, zinc, mercury, 


copper, cadmium, lead and bismuth. Other chlorides 
extracted from solution are iron, antimony, arsenic and 
tin, whilst from neutral solution mercuric chloride is 
even more completely extracted than gold. Lead, copper, 
sodium and potassium form double chlorides with gold 
which tend to diminish the solubility of the metal in the 
organic liquid. 

Extraction of Calcium from the Alkaline Earth 

Metals 


In separation of the alkaline earth metals, use is made 
of the solubility of the chlorides and nitrates in various 
organic solvents, after separation of the group as the 
insoluble carbonates. Anhydrous ether'®/alcohol mix- 
tures, isopropyl alcohol,'? acetone, amyl alcohol'® and 
butyl alcohol'® have all been used to give a fairly satis- 
factory separation, but the alcohol/ether mixture is 
easily inflammable, and all the solvents must be used in 
strictly anhydrous conditions, nor do any of them give a 
complete separation. 

Barber,?° investigating these and other solvents, 
found that the monobutyl! ether of ethylene glycol was 
by far the most suitable. Since it boils at 170° C. and 
does not form a binary mixture with water, the ether 
and nitrate can be rendered anhydrous simultaneously, 
simply by boiling. The solubility of anhydrous caleium 
nitrate in the reagent is 2-43 x 10-'g./ml., whilst thesolu- 
bility of the corresponding barium and strontium salts 
is of the same order as the solubility of barium sulphate 
and strontium carbonate in water. 


Extraction of Lithium from Sodium and Potassium 


Of the various methods which kave teen proposed 
for the extraction of lithium from sodium and potassium 
chlorides, the isoamy] aleohol method of Gooch! appears 
to have enjoyed the widest popularity. Since the 
boiling point of the solvent is considerably higher than 
that of water, the aqueous layer may be evaporated 
completely, and the salts dehydrated without loss of 
very much solvent. Moreover the lithium chloride 
gradually dissolves in the organic layer, while the other 
alkali chlorides slowly precipitate out. Dioxan and 
acetone have much lower boiling points and are therefore 
inferior, while pyridine,” although possessing a high boil- 
ing point, is objectionable because of its obnoxious vapour. 

The Gooch method, however, suffers from the fact that 
potassium and sodium chlorides also dissolve in the 
solvent, and if the lithium is subsequently determined, a 
correction must be applied for their presence. Caley 
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aud Axilrod®? noted that the solubility of sodium and 
potassium chlorides decreases progressively as the series 
from methyl to amyl alcohol is ascended, and decided 
that these solubilities might be very small in the higher 
alcohols, whilst the lithium chloride was still appreciably 
soluble. The solubility in n- hexanol and 2- ethyl 
hexanol was found to be particularly suitable. Potassium 
chloride was virtually insoluble, sodium chloride only 
slightly, and the figures for lithium chloride were 5-8 and 
3-0 mg. in 100 ml. of n- hexanol and 2- ethyl hexanol, 
respectively. The latter is the more selective solvent. 

When dealing with amounts of lithium in the region of 
10 mg. or more, it was found that a single extraction 
with 2- ethyl hexanol yielded low results in spite of the 
fact that an excess of solvent was employed. Isoamyl 
aleohol gave better results than this, and Caiey and 
Axilrod found that this was due to the higher boiling 
point of the 2- ethyl hexanol. At the higher temperature 
a greater proportion of insoluble lithium hydroxide is 
formed. When the dehydration is carried out 50° below 
the boiling point of the 2- ethyl hexanol, complete extrac- 
tion of lithium is obtained. 


Separation of the Copper and Arsenic Groups 

Recently a very interesting paper on the separation 
of the copper and arsenic groups in qualitative analysis 
has appeared, and it might be of interest to mention it 
at this point. 

The reagent most generally used for the extraction 
of the sulphides of the arsenic group from the other 
sulphides of the Group II metals, is a solution of 
ammonium polysulphide. Other reagents also in fairly 
wide use are solutions of sodium hydroxide and sodium 
sulphide, and mixtures of caustic soda with ammonium 
polysulphide, but in no case can it be said that a clean 
separation is effected. The sulphides that cause trouble 
are those of copper, mercury (II), tin (I]) and cadmium, 
which last is often rendered colloidal by the reagents. 

With ammonium polysulphide it is found that copper 
dissolves to a certain extent, especially if it has been in 
previous association with members of the arsenic group. 
Also, of course, subsequent acidification of the extract, 
to re-precipitate the sulphides, liberates the undesirable 
hydrogen sulphide and colloidal sulphur. 

If sodium hydroxide is used, several minutes boiling is 
necessary to get stannous sulphide into solution, and this 
treatment results in solution of mercuric sulphide in 
amounts dependent on the concentration of the alkali. 
Mixtures of alkali and sulphide are generally unsatis- 
factory. 

Holness and Trewick™* made an extensive study of the 
polysulphides of ammonia, lithium, sodium, potassium 
and calcium in 8°, solution, and also the hydroxides of 
sodium, lithium, barium and calcium, with a view to their 
use as extractants in the group separation. In the 
polysulphide class they found the ammonium reagent to 
be the most satisfactory, whilst in the hydroxide category 
the only satisfactory one was the lithium compound. In 
»°, aqueous solution this reagent dissolved the sulphides 
of the arsenic group, including that of tin (II), without 
showing any solvent action on mercuric sulphide unless 
‘xe solution was boiled for several minutes. If a 1% 

lution of the reagent is employed, tin dissolves on 

viling, but no mercury passes over into the arsenic 
roup. A tendency for the reagent to render cadmium 
ilphide colloidal can be overcome by making the 
lution 5°, with respect to potassium nitrate. 
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II. PRECIPITATION METHODS 


In the following paragraphs only separation methods 
are considered; the form in which the metal is isolated 
may not be one in which it can be directly weighed. 


Separation of Strontium, Barium and Lead from 
Calcium and Other Metals 


Considerable difficulty has always been found in the 
separation of strontium and calcium due to the similarity 
in chemical properties of the two metals. Thus though 
the determination of the two metals separately presents 
little trouble, in admixture the problem is very real. 


Stromeyer et alia® separated strontium from calcium 
by extracting the anhydrous mixed nitrates with absolute 
alcohol, in which medium strontium is not very soluble. 
Employing a mixture of equal parts of anydrous ether 
and absolute aleohol, Rose®* found the solubility of the 
strontium nitrate to be decreased further. Fresenius*? 
modified the procedure, and until recently this has been 
the extraction process most widely used. The only other 
extraction method of note is that of Rawson*® which 
employs nitric acid as the solvent. However, precipita- 
tion methods are generally superior to extraction 
methods in effecting a complete separation. 

It was shown by Willard and Goodspeed?® that stron- 
tium nitrate can be completely precipitated in a dense 
crystalline form by slow addition of concentrated nitric 
acid to solutions of its salts. This separates the metal 
from calcium, aluminium, antimony, beryllium, bismuth, 
cadmium, cerium (IV), chromium, cobalt, copper, iron 
(III), lanthanum, lithium, magnesium, manganese, 
mercury (II), nickel, silver, tellurium, thallium (ITT), tin 
(IV) and zine. The acid should be added dropwise with 
vigorous stirring, to avoid simultaneous precipitation of 
calcium, until the concentration of the acid reaches 79°,. 
The volume of the solution from which the precipitation 
is carried out should be as large as practicable. A 
standing time of 0-5-5 hours is satisfactory. Barium, 
lead and titanium also precipitate under the experi- 
mental conditions described. Barium can be separated 
from the same metals as strontium by addition of nitric 
acid till the concentration reaches 76°,, whilst lead 
requires a concentration of 84°,, and in this case chlorides 
must be absent. The latter fact precludes the separation 
of lead from antimony and tin by this method. Should 
the nitrate precipitate be small, it should be allowed to 
stand in contact with the precipitation medium for 
30 minutes, after stirring mechanically for 15 minutes. 


Separation of Calcium from Magnesium by the 
Oxalate Method 


The oxalate method of separating calcium and 
magnesium has been known for some considerable time, 
but has always been the subject of much controversy. 
Fresenius*® showed that the precipitate of calcium 
oxalate was always contaminated with magnesium, and 
that a reprecipitation was necessary. Others *! have 
shown that, in the presence of a large amount of 
ammonium chloride, the oxalate precipitated by addition 
of ammonium hydroxide to the solution containing 
oxalic acid is uncontaminated by magnesium. Fischer** 
found that magnesium oxalate does not precipitate from 
a supersaturated solution when certain precautions are 
observed, and Bobtelsky* et alia noted the solubility of 
the magnesium precipitate to be considerably increased 
by addition of ammonium oxalate, 
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A critical study of the method has recently been made 
by Holth,** who concludes that a double precipitation 
is necessary, and advises the use of a large excess of 
ammonium oxalate to prevent the precipitation of 
magnesium from supersaturated solutions. He also 
advises that solution and precipitate be allowed to stand 
in contact for a period of 4 hours before filtration. 


Separation of Bismuth from Lead with Ammonium 
Formate 


Methods for the separation of bismuth from lead are, 
with few exceptions, based on the fact that in weak 
nitric acid solution the bismuth ion is hydrolysed by 
addition of water or salts of weak acids. Probably the 
best known method is that of Loewe.® Briefly, it 
consists in the precipitation of the basic nitrate by 
evaporation of the nitric acid solution to a syrupy 
consistency, addition of water, evaporation to dryness 
and repetition of the process till further addition of 
water fails to bring down any more bismuth. The lead is 
finally extracted with 0-2°, ammonium nitrate. 
Although the method has generally been accepted, 
Hillebrand and Lundell and Herzog*’ state that the 
separation is unsatisfactory. A limitation of the method 
is that bismuth can only be separated from small 
amounts of lead, and it is necessary that chlorides and 
sulphates should be absent, as they cause formation of 
sparsely soluble double salts which interfere with the 
separation. 

Luff** modified the method by reducing the hydrogen 
ion concentration through addition of sodium nitrite to 
the previously neutralised solution. Ammonium salts 
interfere, whilst the retention of alkali by the precipitate 
makes the presence of the latter metals undesirable. 
Blumenthal®® employed mercuric oxide to neutralise 
excess nitric acid, and claimed that in this way 50 mg. 
of bismuth could be separated from LOO mg. of lead. 
To ensure complete precipitation, a standing time of 
12 hours had to be observed. This method has found 
little support, however, as many metals interfere. 

A separation based on the precipitation of basic 
bismuth acetate was proposed by Herzog,5? but the 
method is tedious, and therefore rarely used. Although 
employed by many analysts, the separation of the two 
metals by precipitation of the lead as sulphate cannot be 
recommended, since bismuth is always occluded on the 
precipitate. Rose’ proposed precipitation of the bis- 
muth as the oxychloride, and on this is based the well- 
known Le Doux" method, but here again the experimental 
conditions must be strictly controlled. The correspond- 
ing oxybromide precipitate was examined by Moser and 
Maxymowicz.” It offers no advantage over the previous 
reagent. 

Superior to all these, however, is the sodium formate 
method of Benkert and Smith.® In this case the nitric 
acid solution of lead and bismuth is partially neutralised 
by addition of sodium carbonate and excess of sodium 
formate, followed by a few drops of formic acid. The 
solution is boiled for a few minutes and the precipitate 
filtered hot after settling. A reprecipitation is sometimes 
necessary. The method has been modified by 
Kallimann,“ who neutralised the acid with ammonium 
hydroxide and carbonate, precipitating the bismuth 
with ammonium tormate. By this means he claimed 
that small amounts of bismuth could be separated from 
10-15 g. of lead. When dealing with trace amounts, 
extreme care must be given to the neutralisation process. 
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Separations Employing Pyridine 


‘Fe, At, Cr, U, Ti, AND Zr FROM Mn, Co, NI, AND THE 
ALKALINE Earrus] 


This separation® is carried out in a chloride solution 
which should be substantially free from sulphate anc 
have an ammonium chloride content of about 5-10 g 
per 100 ml. Ammonium hydroxide is added dropwise 
till the solution becomes cloudy. The cloudiness is then 
removed by adding a few drops of dilute hydrochloric 
acid, and the liquid heated almost to boiling. Methy! 
orange is added, followed by 20°, aqueous pyridine till 
the indicator turns yellow. After addition of a further 
excess of 10-15 ml., the beaker is left on the steam bath 
till flocculation is complete, and the mixed oxides arethen 
filtered off, and washed with 3°, ammonium nitrate. 


Separations with m-Nitrobenzoic Acid 
(SEPARATION OF TH, ZR-HF, CE AnD PL] 


The reagent consists of a saturated solution of 
m-nitrobenzoic acid, prepared by solution of 4 g. of 
solid in | litre of water, heating to 80° C., and filtering 
off the excess after standing for 24 hours. 

Virtually complete precipitation of thorium occurs 
from a solution in 0-02.N. nitric acid, but not from 
0-05 N. acid. No precipitation of thorium is found 
from 0-1, 0-2 or L-ON acid. In the case of zirconium, 
complete precipitation isfound from 0-02, 0-05 and 0- LN. 
nitric acid, but from I N. acid only 90°, precipitates. 
At an acidity of 0-2 N. zirconium can be completely 
separated from thorium. No separation of hafnium 
and zirconium is possible with the reagent. If cerium 
is reduced to the cerous state, a separation can be made 
from zirconium and thorium. 

The reagent has been used by Harvey and _ co- 
workers to separate quadrivalent from trivalent 
plutonium. From these observations Osborn‘? concludes 
that the reagent may be used to separate all the quad- 
rivalent ions of the actinide series, as no reaction with 
the trivalent metals could be found. Mercury was 
observed to precipitate from cold solutions, but not from 
hot, and thus it does not interfere with the separation 
of thorium, zirconium and cerium, performed at 
80°C. 

Separation of Cerium (IV) and Thorium 

Under favourable conditions of acidity and periodate 
concentration, it is possible to effect the separation of 
quadrivalent cerium from thorium, by precipitation of 
the former as the insoluble periodate Ce HIO,. H,O** 
This also separates cerium (IV) from the rare earths and 
trivalent cerium. The reagent is a saturated solution of 
potassium periodate in 20°, nitric acid. 10 ml. of the 
solution containing not more than 500 mg. of ceric and 
the other oxides, are mixed with 120 ml. of 0.2 N. 
acid and 70 mil. of reagent added. The solution is 
heated on a steam bath for 15 minutes, and the precipi- 
tate allowed to settle. After washing with 0-1 N. 
nitric acid the precipitate is redissolved in the minimum 
of concentrated nitric acid, and the solution diluted 
eight times. At this acidity ceric periodate precipitates 
uncontaminated by thorium. 


Separation of Thorium from the Rare Earths 


Fumaric acid and sebacic acid, amongst other dibasic 
acids, have been reported in the literature as suitable 
reagents for the separation of the rare earths and 
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t.orium. The fumaric acid method is said to precipitate 
t.orium as a flocculent white precipitate from 40°, 
« hanolic solution, whilst a dense granular precipitate 
i. claimed for the sebacic acid. 

Willard*® and co-workers employed a variety of di- 
carboxylic acids to precipitate thorium from homo- 
geneous solution. With tetrachlorphthalic acid it was 
found that thorium was precipitated only after several 
hours, but between 70° and 80° C., a precipitate of a 
dense white nature came down almost instantaneously. 
The mechanism of the precipitation appears to be quite 
different from that of hydrolysis with urea or an ester of 
oxalic acid. In the former case, the slow hydrolysis of 
the urea results in the formation of the hydroxyl ions 
necessary for the precipitation, while in the latter instance 
the ester slowly hydrolyses. 

With tetrachlorphthalic acid at pH 2, cerium is found 
to precipitate, but below pH 2 only thorium comes down. 
In the presence of other rare earth metals a second 
precipitation is advisable. 


Separation of Aluminium and Beryllium 


Kolthoff, Stenger and Moskovitz®® proposed ammonium 
benzoate as a reagent for the separation of aluminium 
from the other metals of the third group and the alkaline 
earths. They found that co-precipitation was much less 
than when ammonium hydroxide was used. Recently*! 
the method has been adapted for the separation of 
aluminium from cobalt, chromium, nickel and zine. 
However, there is co-precipitation of iron, and titanium, 
vanadium and chromium (III) interfere. Beryllium co- 
precipitates with the aluminium to a large extent. 

An investigation by Osborn and Jewsbury® showed 
that if the pH is carefully controlled within the range 
3-5-4-0, no co-precipitation of beryilium occurs. The 
latter metal precipitates at pH 6-5. Thus, by careful 
control of the hydrogen ion concentration, it is possible 
to separate aluminium from beryllium with the 
ammonium benzoate reagent. In a later paper the same 
authors®? have extended the use of the reagent to the 
separation of tin, titanium, zirconium, thorium, bismuth 
and cerium from other metals. 


Separation of Cadmium and Zinc 


In non-ferrous metallurgy, the separation of zine and 
cadmium has long been a problem of some magnitude. 
The procedure commonly adopted involves repeated 
precipitation with hydrogen sulphide, or electrolysis 
under carefully controlled pH conditions. Papers by 
several authors have pointed out that separation by the 
hydrogen sulphide method is never quite complete.** *° 

Developments in the organo-metallic field of analysis 
have revealed, however, that there are some organic 
reagents which will separate cadmium from zinc, but 
most of these are fairly expensive.** °? Korenmann*® 
suggested the use of a brucine,/potassium bromide 
mixture. This gives a complete separation of the two 
metals. Thompson®® has used a solution of brucine 
sulphate and potassium iodate, but reports that iron, 
‘ead, copper and antimony interfere. 


Separation of Zirconium 


Ammonium hydrogen phosphate and selenic acid, 
‘mongst a wide variety of other reagents, have been 
ised as precipitants for zirconium, but all these methods 
ire subject to faults. For example, with ammonium 
/hosphate there is difficulty in achieving a separation 
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from thorium, and the precipitate is not easy to filter 
off,®° whilst with selenic acid, thorium, iron, tin and 
titanium interfere by forming simultaneous precipitates. 
In studying the chemistry of the Group IV metals, it 
was discovered by Kumins*! that mandelic acid yields a 
white precipitate of the zirconium salt of the acid, thus 
providing a means of separation from titanium, iron, 
vanadium, aluminium, chromium, thorium, cerium, tin, 
barium, calcium, copper, bismuth, antimony and 
cadmium. The precipitation is carried out from 
hydrochloric acid medium, and if the sulphuric acid 
present exceeds 5°,, incomplete precipitation of zir- 
conium occurs. 


Separation of the Platinum Metals 


Gilchrist and Wichers® have separated the six 
platinum metals by a process of controlled hydrolytic 
precipitation. After being boiled, the solution containing 
the mixed chlorides is treated with sodium bromate, and 
the pH adjusted to 7. The hydrated oxides of palladium, 
rhodium and iridium precipitate, leaving platinum in 
solution. A second precipitation removes all the 
platinum from the dioxides. This method has a distinct 
advantage over the older one in which platinum is 
precipitated as ammonium platinichloride, since the 
precipitate is liable to be contaminated with rhodium, 
iridium and, to a lesser extent, palladium. Also, of 
course, ammonium chlorplatinate is appreciably soluble. 

Palladium is removed from rhodium and iridium by 
precipitation with dimethylglyoxime from chloride 
solution, a single precipitation being sufficient. Rhodium 
is separated from iridium by reduction to the metal with 
titanous chloride, in dilute boiling sulphuric acid ; to 
remove iridium completely the metallic iridium is dis- 
solved in hot sulphuric acid and reprecipitated. 

When dealing with all six metals in admixture, 
osmium is usually separated by distillation of the 
tetroxide from nitric acid, followed by distillation of 
ruthenium oxide from a solution of the sulphates in 
sulphuric acid and sodium bromate. 6 N. hydrochloric 
acid saturated with sulphur dioxide forms a suitable 
adsorbent for both the oxides. Yoe and Overholser® 
found the method of Gilchrist and Wichers to be superior 
to the older methods of separation. 


REFERENCES 
1 Rothe, J. W. Chem. News (1892), 66, 182. 
2 Lundell, G. E. F. and Hoffmann, J. 1.“ Outlines of Methods of Chemical 
Analysis ” (1938), 96. J. Wiley & Sons, N.Y. 
3 Ashley, S. E. Q. and Murray, W. M. Jnd. Eng. Chem. Anal. (1938), 10, 367. 
4 Dodson, R. W., Forney, G. L. and Swift, E. H. J. Am. Chem, Soc. (1936), 
58, 2,573. 
5 Axelrod, J. and Swift, E. H. Jbid (1940), 62, 35. 
6 Wells, J. E. and Hunter, D. P. Analyst (1948), 73, 671. 
7 Abrahamezik, E. Mikrochemie (1947), 33, 209. 
8 Mylius, F. and Huttner, C. Ber. (1911), 44, 1,315. 
9 Edwards, F. C. and Voigt, A. FP. Anal. Chem. (1949), 21, 1,204. 
10 Lindth, K., Rynninger, R. and Skoraeus, E. Srensk, Kem. Tids. (1949), 61, 
1s). 
11 Helgar, B. and Rynninger, R. /bid (1949), 61, 189. 
12 Scott, T. R. Analyst (1949), 74, 486. 
13 Lenher, V. and Kao, C. H. J. Phys. Chem. (1926), 30, 126. 
14 Mylius, F. Z. Anorg. Chem. (1911), 70, 205. 
15 Yoe, J. H. and Overholser, L. G. J. Am. Chem. Soc. (1939), 61, 2,058. 
16 Fresenius, C. R. Z. Anal. Chem. (1893), 32, 191. 
17 Barber, H. H. “* Lab. Manual of Semimicro Qual. Analysis ” (1940), 
18 Browning. P. E. American J. Sci. (1892), 148, 53, 314. 
19 Willard, H. H. and Goodspeed, E. W. Jnd. Eng. Chem. Anal. (1936), 8, 414. 
20 Barber, H. H. /bid (1941), 18, 572. 
21 Gooch, F. A. Proc. Am. Acad, Arts and Sci. (1886), 22, 177. 
22 Kahlenberg, I. and Krauskopf, F.C. J. Am. Chem. Soc. (1908), 30, 1,104. 
23 Caley, E. R. and Axilrod, H. D. Jnd. Eng. Chem, Anal. (1942), 14, 242. 
24 Holness, H. and Trewick, R. F.G. Analyst (1950), 75, 276. 
25 Stromeyer and Pfaff. “* Handbuch der Anal. Chemie,” (1821) Vol. 1, 412. 
26 Rose. Ann. Physik. Chem. (1860), 110, 296. 
27 Fresenius, C. R. Z. Anal. Chem. (1893), 32, 189. 
28 Rawson, 8. G. J. Soc. Chem. Ind. (1897), 16, 113. 
29 Willard, H. N. and Goodspeed, E. W. J/nd. Eng. Chem. Anal. (1936), 8, 414. 
30 Fresenius, C. R. Z. Anal. Chem. (1868), 7, 310. 
31 Ritchards, T, W., McCaffrey, C. F, and Bisbee, H, Z, Anorg. Chem. (1901), 
28, 71. 


fy 
< By 
af 
4 
46 


32 Fischer, W. Z. Anorg. Allgem. Chem, (1926), 153, 62. 

33 Bobtelksy, M. and Malkowa-Janowski. Z. Angew. Chem. (1927), 1454. 

M4 Holth, T. inal. Chem, (1949), 21, 1 

35 Loewe. J. Pract. Chem, (1858), 74, 344. 

36 Hillebrand and Lundell. Applied Inorg. Analysis (102%), J. Wiley 
& Sons, N.Y. 

37 Herzog, M Chem, News (1888), §8, 129. 

OS Lal, G. Chem. Zeitung (1920), 44, also Z. 

Blumenthal, H. Anal. Chem. (1929), 78, 206. 

Rose, ogg. Ann. (1860), 110, 425. 

11 Low, “ Tech. Methods of Ore Analysis” (1922), 5. J. Wiley & Sons, N.Y. 

12 Moser, L. and Maxymowicez, W. Z. Anal. Chem. (1926), 67, 248. 

Benkert, A. L. and Smith, J. Am. Chem. (1896), 18, 1,055. 

14 Kallimann, Eng. Chem, Anal. (1941), 18, 

45, Ostroumow, EB. A. Ann, Chem, Anal (1958 

i6 Harvey, B. G., Heal, M. G., Maddock, A. G. and Rowley, KB. L. 
Soe, (1947), 

17 Osborn, G. H. 

iS Venkataramaniah, M. 


18, 218. 


Chem. (1923), 63, 330. 


J. Chem. 


tnalyst (1948), 73, S81. 


Raghavarao, V. Current Sei. (/ndia)y (1949), 


Determination of Bismuth, Lead and 
Copper in Aluminium Alloys 


By George Norwitz* 


A rapid and accurate method is proposed for the determination 
of bismuth, lead and copper in aluminium alloys. The sample is 
dissolved in sodium hydroxide and the alkali-insoluble material 
filtered off. An oxychloride precipitation is made, using a 
special technique to prevent the occlusion of iron and nickel. The 
bismuth is determined colorimetrically, and the copper and lead 

electrolytically, 


ORWITZ, Greenberg and Bachtiger have described 

a method for the determination of bismuth, lead 
and copper in aluminium alloys.® This method, although 
shorter than the A.S.T.M. method? is still rather long. 
Also, there is danger of some bismuth dissolving in the 
initial hydrochloric acid attack unless the solutions are 
filtered fairly quickly.‘ 

An investigation was conducted to develop a short 
method for the determination of bismuth, lead and 
copper in aluminium alloys that would use an alkali 
attack. First of all, it was necessary to ascertain 
whether bismuth and lead in aluminium alloys are 
insoluble in sodium hydroxide solution (it is well known 
that copper is insoluble'). To check this point several 
aluminium samples containing bismuth, lead and copper 
were dissolved in sodium hydroxide solution by heating 
on the steam bath, and the alkali-insoluble material 
filtered off. The filtrates were neutralized with hydro- 
chloric acid, buffered with tartaric and formic acids?*, 
and treated with hydrogen sulphide for a half hour. In 
no case was the slightest precipitation obtained. 

The question then arose as to how to separate the 
bismuth from the alkali-insoluble material. The usual 
oxychloride precipitation procedure of adding hydro- 
chloric acid after first neutralizing with ammonia could 
not be used, since iron and nickel, both of which interfere 
with the colorimetric and gravimetric determination of 
bismuth, would be occluded. The problem was solved by 
first adjusting the acidity with sodium hydroxide and 
nitric acid, and then adding sodium chloride solution. 
The bismuth oxychloride precipitate was filtered off and 
the bismuth determined colorimetrically.6 The bismuth 
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oxychloride filtrate was evaporated with nitric acid to 
remove the chloride ion, and the copper and lead 
electrolysed. In the proposed method, only one 
evaporation with nitric acid is necessary, and the 
evaporation can be conducted rapidly. In the method of 
Norwitz, Greenberg and Bachtiger two evaporations are 
necessary, and these must be conducted slowly, because 
large amounts of salts are present. Six samples can be 
analysed by the proposed method in five hours, as 
compared with the nine hours that would be required if 
the method of Norwitz, Greenberg and Bachtiger were 
used, 
Procedure 

Dissolve a 2 g. sample contained in a 400 ml. beaker 
with 45 ml. of sodium hydroxide solution (15°,) by 
heating on a steam bath. Add about 150 ml. of hot 
water, and filter through a Whatman No. 40 filter paper 
containing a little paper pulp. Wash the beaker and 
precipitate with hot water. Discard the filtrate. Dis- 
solve the precipitate back into the original beaker 
with two 20 ml. portions of hot nitric acid (1:1), and 
wash with hot water. 

Add sodium hydroxide (15°,) until a permanent 
precipitate forms. Add nitric acid (1:1) from a burette 
until the solution just clears, and then add 0-5 ml. in 
excess. Add 10 ml. of sodium chloride (37 g./litre), and 
dilute to 250 ml. with hot water. Heat on the steam bath 
for 45-60 minutes, filter off the bismuth oxychloride, and 
determine the bismuth colorimetrically.$ 

Add 30 ml. of nitric acid to the bismuth oxychloride 
filtrate, and evaporate to5 ml. Add 10 ml. of nitric acid, 
dilute to 180 ml., and electrolyse for copper and lead in 
the usual manner. 


Results 


The results obtained when are presentative aluminium 
alloy containing bismuth, lead and copper was run six 
times are shown in Table I. 


rABLE l.-RESULTS FOR BISMUTH, LEAD AND COPPER 
ON A REPRESENTATIVE ALUMINIUM ALLOY. 


Contains (a) Bi Found Ph Found Cu Found 


\verace 
(a) Average of 3 results by umpire A.S.T.M. method (2, 3). 


(+) 0-02 g@. of nickel (as nickel nitrate) added to solution obtained by dissolving 
the alkali-insoluble material in nitric acid. 
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A Surface Effect on Extruded Lead and its Alloys 


By R. C. Gifkins*, B.Sc., A.I.M., and H. C. Coet, B.Met.E. 


In attempting to produce fully annealed specimens of lead and lead alloys for creep 
test purposes, using the perfection of X-ray back-reflection patterns as an annealing 
criterion, it has been found that extruded samples do not appear to be fully annealed by the 
treatment which has proved satisfactory with rolled samples. The effect appears to be 
due to a very shallow surface layer which can be removed by a suitable etching technique. 


alloys an interesting effect has been noted; it 

has been found that specimens produced by 
extrusion can be in a state which apparently makes 
them difficult to anneal, when the criterion for annealing 
is the perfection of reflections on the X-ray back- 
reflection pattern. 

These observations have been made on specimens 
extruded at room temperature from an experimental 
direct press, using a high-purity lead (total impurities 
0-0008%), a lead containing 0-008°, impurities, and 
lead alloys of tin, thallium and tellurium. The anneal 
of half an hour at 100° C., which had been adopted as 
a standard for previous work on rolled lead specimens, 
was sufficient to cause recrystailisation to a larger grain 
size when applied to extruded specimens, but the X-ray 
back-reflection pattern consisted of sharp reflections 
superimposed on a background ring. Fig. 1 shows a 
typical X-ray photograph which was taken on a 
stationary specimen of high-purity lead which had been 
annealed for half an hour at 100°C.; Co K radiation 
was used and the (511, 333) a,a, doublet, and the 
(600,442) and (511) 8 reflections recorded. The grain 
size of this specimen was 0-5—- 2 mm., and the number 
and size of the sharp reflections is consistent with such 
grains; the background ring, on close examination 
of the original photograph, could be seen to consist 
of numerous small reflections and could be dis- 
tinguished from the continuous ring associated with cold 
work. 


Dintss: investigations on the creep of lead and its 
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Fig. 1.—X-ray back-reflection photograph taken on a 
high-purity lead specimen extruded, and annealed for 


half-an-hour at 100° C. 
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Specimens in this condition were found to be difficult 
to anneal completely ; when annealed for longer times 
at 100°C. the grain size, observed by etching, did not 
increase to any great extent, but the background ring 
on the X-ray pattern remained even after considerable 
periods. Taking the high-purity lead as an example, it 
was found that annealing for 425 hours at 100°C. did 
not completely remove the condition which gave rise 
to the background ring. 

Annealing at higher temperatures for periods of an 
hour or two was not very effective, particularly as an 
increased grain size resulted, and this was undesirable 
as a starting point for creep tests. A short anneal of 
quarter of an hour at 300°C. did remove the effect 
completely, but produced very large grains. 

Specimens extruded at higher temperatures, up to 
200° C., also gave a less intense background ring at the 
expense of a larger grain size, and it may be noted here 
that a commercially extruded 3°, antimony alloy showed 
the effect very markedly. Lubrication of the extrusion 
die and billet with oil or a selenium-base lubricant 
resulted in variable conditions, so that some specimens 
produced in this way did anneal completely after short 
periods at 100°C., but most did not. 

These observations suggested that the effect was 
superficial, and by carefully microtoming or etching the 
specimens it was confirmed that only a layer about 
one-thousandth of an inch deep was affected. Beneath 
this layer no difference in the microstructure was seen, 
but the X-ray pattern, after the specimen had beep 
annealed for 2 or 3 hours at 100° C., consisted of shayp 
reflections only. 


Fig. 2.—Details as in Fig. 1, but specimen etched to 
remove 0.001in. from the surface before annealing. 
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Such a layer has not been found on rolled specimens portions of the ingredients of this etchant had to be 
of lead ; the reduction in thickness on each pass through adjusted by trial and error for the particular alloy being 
the rolls was however, comparatively small and the used ; also, care had to be taken to prevent overheating 
effect of varying this factor has not been investigated. of the specimens by the exothermic reaction. It was 

Further cold working the specimens which showed the found that the layer of one-thousandth of an inch could 
effect, by pressing them between lubricated and polished be removed by etching for about 12 periods of 4 or 
blocks, brought about a diminution of the background 5 seconds in the etchant, which was kept below 15° C. 
ring on annealing, but only after fairly large reductions Specimens were then annealed for 2} hours at 100° C. 
in thickness ; this method was therefore not a practical Fig. 2 shows the X-ray back-reflection photograph taken 


way of producing fully annealed creep specimens. on a high-purity lead specimen etched in this way and 
Some attempts to produce the effect by pressing the annealed for half an hour at 100° C. 
high-purity lead between polished blocks at various Although it would seem that this skin effect of 


speeds were inconclusive; reductions in thickness of extrusion is the result of the high surface pressures 
3°, to 97-5°, were used, and one test at the latter known to be associated with the process, the precise 
reduction did give the background ring after annealing, condition of the metal giving rise to the background 
but this result was not obtained on repeating the test. ring on the X-ray photographs is not clearly understood. 
It was found that the best way to prepare extruded The effect of the presence of this skin on creep is being 
specimens for X-ray work on lead creep was to extrude investigated and, so far, it appears that it brings about 
with thorough lubrication, and then etch off about no systematic or marked change, compared with the 
one-thousandth of an inch from the surface of the fully annealed specimens, at least until recrystallisation 
specimens, using the acetic acid and hydrogen peroxide during creep takes place. However, the immediate 
mixture developed by Worner and Worner'. Ifa polish concern here has been to describe the effect and the 
for microscopical examination was required the pro- method of producing fully annealed specimens for X-ray 
4 observations during creep, and it is hoped this informa- 
1 H. W. Worner and H. K. Worner. J. Inst. Metals, 1940, @8, 45. tion will be of use to other workers. 


Herbert (formerly Research Manager L.M.S.) who has 
as Assistant Director, Mr. E. Morgan. 

The work of the department is shared by seven 
divisions, each under the immediate control of a 
superintendent. Mr. F. Fawcett, who is located at 
Euston, is in charge of the Chemical Division which 
embraces the existing laboratories in each region. These 
laboratories will continue to be concerned with work 
arising in the regions, but major researches of a chemical 
nature will be allocated to whichever laboratory is most 
suitable. The laboratories are situated at Ashford, 
This Exhibition takes place before the opening of the Crewe. Darlin bons Derby Doncaster, Glas on Horwich 
Festival of Britain, but physicists from abroad who art 4 
intend to visit the latter may like to make arrangements Stonebridge Park, Stratford, Swindon and Wimbledon. 

The Engineering Divisio Superintende 
to come to England earlier as the Exhibition affords Baldwin) "Sekaiien 4 Division (T Goreme, i 
one of the most important displays of scientific achieve- Division (T A ~~ ll Textile Division (C. G ’ Wineon) 
ment which is held in Great Britain, and is unique in iP Co: Di 
showing side by side the work of academic scientists, 
“ie. : announced shortly) are located at Derby where the 
commercial instrument makers and research workers in 
necessary laboratory facilities and staff already exist. 
Government and other laboratories. It will also provide 
There will also be a subsidiary engineering laboratory 
a convenient opportunity for contacts with technical at Ashford . : 
representatives of British firms and associations. The 
Discourses will be delivered by eminent scientists on 
. Division, under Mr. M. G. Bennett, are located in 


four days of the Exhibition, and the prize-winning 
Ar tate te gh. ® London and it is also hoped to establish there a central 
models of the Society’s Craftsmanship and Draughts- 
. 


manship Competition will be on show. This Competition, 
which is open to apprentices and others under the age erincerennnean 

of 22 years, is organised to stimulate the interest of = . a 
young craftsmen and draughtsmen in industrial firms, British Rusting Standards Accepted in 
technical colleges and Government departments. U.S.A. 


A _, Handbook of the Exhibition, containing full Ix December, 1949, the B.I.S.R.A. Corrosion Laboratory 

descriptions of all exhibits, will be obtainable from the — jggued a series of photographs at natural size depicting 

Physical Society in early March. different grades of breakdown by rusting of painted 

steel surfaces. Reprints of these photographs were 

British Railways Research made freely available in the hope that comparisons in 

Organisation this important field would become more uniform. It is 

now announced that the standards have been accepted 

THE research facil‘ties of the different regions of British for use by the American Waterworks Association in 

Railways have been integrated into a single Research their exposure tests. This will very greatly facilitate 

Department which came into operation on January Ist. comparison of results of tests carried out here and in 
The Department is under the control of Mr. T. M. America. 


The Physical Society’s Exhibition 
THe Physical Society's 35th Annual Exhibition of 
Scientific Instruments and Apparatus will be held from 
Friday, 6th, to Wednesday, 11th April, 1951. 

This year both the Royal College of Science Main 
Building, Imperial Institute Road, and the Huxley 
Building, Exhibition Road (opposite Science Museum) 
will be used. On Friday morning the Exhibition will 
be open for Members of the Society and the Press only, 
and all tickets will be valid for entry into both buildings. 


METALLURGIA 


| 
| 
48 


A Continuously Self-Balancing 
Recorder 


Irn has long been recognised that where electrical 
measurements having a high degree of accuracy are 
required, a null balance measuring system is superior 
to any method employing deflecting instruments. Only 
in recent years has it been possible to apply this principle 
to industrial instrumentation, as conventional potentio- 
meters and bridges previously available were suitable 
only for spot readings by a trained operator. With the 
introduction of mechanically self-balancing instruments 
it became possible to make null balance measurements 
under industrial conditions and to record these measure- 
ments on a continuously driven chart. 

The self-balancing recorder developed by the 

Metropolitan—Vickers Electrical Co. Ltd., employs the 
latest technique in this field, being a continuously self- 
balancing instrument using electronic power amplifica- 
tion and a motor drive. This principle not only gives 
a true continuous record of a rapidly changing variable, 
but eliminates the sensitive galvanometer and com- 
plicated feeler mechanism associated with the earlier 
instruments. Extreme reliability is thereby obtained, 
and the design lends itself to the robust construction 
of apparatus required for use under arduous industrial 
conditions. Ample power is available at the main shaft 
to operate alarm contacts or an automatic controller, 
and the high speed and sensitivity make it an ideal 
instrument for automatic control work where lags and 
dead time ”’ must be minimised. 
For recording temperature from a thermocouple the 
instrument is arranged as a D.C. potentiometer. A 
fixed voltage is maintained across a slidewire by means 
of a rheostat and an air-depolarised dry battery which 
has an exceptionally long life (about twelve months 
continuous running). Every fifteen minutes this voltage 
is balanced automatically against a standard cell and 
readjusted if necessary by means of a rheostat, which is 
motor driven. The millivolt output from the thermo- 
couple is compared with the voltage across the slidewire, 
and the difference voltage is amplified and used to drive 
the potentiometer to balance, at the same time driving 
the pointer and recording pen to the correct position 
corresponding to the input millivolts. In order to use 
a stable A.C. amplifier, the uni-directional difference 
voltage is converted into a main frequency alternating 
voltage before amplification. This is done by a special 
vibrator type converter of proved stability. 

The instrument is extremely rapid in operation, 
traversing the 10 in. scale width in two seconds with no 
overshoot. (There is also a special model, in which the 
pen traverses the scale in one second with less than 
0-03 in. overshoot.) An accuracy of + }°% of full 
seule is claimed for all ranges above 1 mV, and the 
accuracy is unaffected by reasonable changes in supply 
voltage and frequency or ambient temperature. When 
used in conjunction with a thermocouple, automatic 
ec mpensation for cold junction temperature changes is 
provided. The D.C. potentiometer can be used for 
re ording any variable that can be converted into a 
ur -directional voltage. The extremely high sensitivity 
‘he instrument enables it to respond to input signals 
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Instrument and Equipment Developments 


of less than one microvolt, the minimum full scale range 
being 500 microvolts. The maximum _ permissible 
input-circuit impedance is about 1,000 ohms for a range 
of 1 mV, but this impedance can be increased on higher 
ranges. 

When it is desired to measure a change of electrical 
resistance, for example in resistance thermometry or 
strain gauge work, the instrument is arranged as a 
Wheatstone Bridge, usually with an A.C. supply. Any 
out-of-balance voltage from the bridge is amplified as 
before and used to drive the pen and the slidewire, 
which forms part of the bridge network. The bridge is 
kept balanced, and a continuous indication and record 
of the variable is obtained. No dry cell or standardising 
means is required if an A.C. bridge is used; the D.C./ 
A.C. converter is also eliminated. 

The instrument described records on a strip chart 
10 in. wide. (A circular-chart model is being developed.) 
The roll chart is 120 ft. long and is driven by a self- 
starting synchronous motor through a six-speed gear 
box. A chart speed of one, two or three inches per hour 
or per minute can be selected by means of change levers ; 
there are no loose change wheels. 

The instrument is housed in a robust sheet-steel 
dust-proof case arranged for semi-flush mounting, and 
occupies a panel space of 20in. x 17in. Little regular 
maintenance is needed, and all routine adjustments can 
be made with a screwdriver. Unit construction has 
been adopted throughout so that assemblies can easily 
be changed if the need arises. 

Metropolitan—Vickers Electrical Co. Trafford 

Park, Manchester, 17. 


Ltd., 


Outsize Super Deep-Freeze 
A 15-cubic-foot super deep-freeze, believed to be the 
world’s largest very-low-temperature apparatus, which 
cools its contents to about 269° below zero Centigrade 
and can hold them there indefinitely, is now in operation 
at the Massachusetts Institute of Technology. 

The largest coldest box known, it will open the world 
of low-temperature research to studies on a scale never 
before possible. Technically called a “ cryostat,’ the 
new machine was designed and built by Dr. Samuel C. 
Collins, Professor of Mechanical Engineering, in the 
M.I.T. low-temperature research laboratories with funds 
provided by the Navy Bureau of Ordnance and Office 
of Naval Research. 

Based largely on principles used by Professor Collins 
for the construction of a small cryostat of original 
design in 1946, the new apparatus operates by com- 
pressing. regeneratively cooling, and then expanding 
helium gas until a portion of the gas turns into a liquid 
some 4° above absolute zero, the lowest theoreti- 
cally possible temperature. The new machine fulfils 
for the first time the need for a large refrigerated space 
in which heavy equipment can be cooled and studied 
at lower temperatures than ever before possible. It 
provides a cylindrical working space 30 in. in diameter 
and 3 ft. deep—larger than most home refrigerators— 
in which experiments may be operated and studied 
while held constantly at this low temperature. 

The new cryostat will be used in research on the 
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mechanical properties of metals, where studies at 
extreme low temperatures may yield information on 
strength theory which will, in turn, be useful in designing 
metals for greater strength at conventional temperatures. 

The cooling capacity of the new machine is large 
enough for it to overcome the heat from such sources 
as electric currents used in the course of experiments 
operated within the cold chamber. The actual cooling 
is accomplished in the new cryostat by five expansion 
engines driven by compressed helium in much the same 
way more conventional engines may be driven by high- 
temperature steam. The helium actually gives up its 
heat to provide the energy used to move the engine, and 
the cold exhaust helium, when brought into contact with 
a stream of compressed gas, causes the latter to liquefy. 

Five “helium engines’ operate in tandem but at 
different temperatures in this super-cold refrigerator. 
The helium gas is compressed to 1801b. ‘sq. in. and cooled 
by water before being fed into the parallel tubes of a 
counter-flow heat exchanger. This device, designed to 
move heat from one part of the engine system to another, 
contains two long gas passageways. One of these 
distributes water-cooled compressed helium to the 
intakes of the five engines spaced along its length. The 
second collects the exhaust gas from the engines, which 
is much colder than the intake gas because of the work 
it has done, and conveys it back to the water-cooled 
compressor. On the way back, the cold “ exhaust ” gas 
absorbs heat from the neighbouring incoming compressed 
helium, and there is enough refrigeration left over to 
liquefy a small part of the latter. 

To build such “ helium engines ”’ is no simple mechani- 
cal problem, because there are no effective lubricants at 
the operating temperature of liquid helium. Pistons of 
extreme hardness are used and they fit the cylinders so 
closely (0-0002 in.) that piston rings are not needed. 
The piston rods, which range up to seven feet in length, 
are flexible so that the pistons * float ” in the cylinders. 

The new cryostat is a tank-like machine which stands 
more than 10 feet high. The refrigerated space is 
within a cylinder capped, during operation, by a steel 
lid containing a glass window through which the actual 
experiments may be observed. Connections to controls 
and instruments located within the refrigerator itself 
pass through this lid. 

The liquid helium produced by the machine collects 
at the bottom of the refrigerated cylinder, from where 
it may be drawn off as needed for other equipment. 
During operation the temperature of the helium atmos- 
phere in this 8 ft. high eylinder ranges from that of 
the surrounding room, at the top of the cylinder, to 
that of liquid heiium, within 3 ft. at the bottom of 
the cylinder. 

When the machine is not in operation, engineers 
enter the cylinder by using a ladder lowered through 
the steel lid. In this way equipment can be set up and 
adjusted beiore it is subjected to low temperatures. 

An important characteristic of this type of helium 
cryostat is that the engines and heat exchanger are 
surrounded by a stable helium atmosphere. In this 
gas there is no tendency for circulation between warmer 
and colder areas which would quickly dissipate precious 
liquid helium. 

A vacuum insulates the entire machine and refrigerated 
space from room temperatures. Pressure in this 


evacuated space must be kept at below one millionth 
of the atmosphere for satisfactory insulation. 
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The smaller cryostat, first built by Professor Collin: 
in 1946, has since been produced commercially and is it 
wide use in educational institutions and_ scientific 
laboratories through the United States. It is estimated 
that over 80°, of the liquid helium now produced in 
the United States comes from machines of this type. 


Direct Reading Mains Operated sH 
Meter 

Tue determination of pH is carried out by measuring 
the potential difference between suitable electrodes 
immersed in the solution under test. A glass electrode 
is generally employed having a thin membrane of high 
conductivity glass as a barrier between the test solution 
and a half cell of constant e.m.f. The voltage developed 
is directly proportional to the hydrogen ion concentration 
or pH. The instrument used for indicating the value 
can also be used as a direct reading millivoltmeter. Due 
to the high internal resistance of the electrode system, 
the voltmeter must have an exceedingly high input 
impedance. This has been achieved in the Dawes Type 
1900 pH meter by a special valve voltmeter circuit 
which also provides great stability of operation. The 
stability is such that the accuracy is unaffected by 
fluctuations in the mains voltage between 200 and 
250 volts. The electrode assembly comprises a glass 
electrode, a calomel half cell, and a thermometer held 
on a stand, which enables the complete assembly to be 
lowered into one or two beakers without risk of damage 
to the electrodes. For us> above pH 9, a special glass 
electrode is recommended. A calibrated control enables 
the meter to be set up to read pH values of solutions 
at any temperature from 10° to 40°C. The instrument 
has two ranges (0-8 pH, 0-800 mV and 7-14 pH, 700- 
1,500 mV) and a discrimination of better than 0-025 pH. 
The power consumption is approximately 12 watts. 

Dawe Instruments Ltd., 130, Uxbridge Road, Hanwell, 

London, W.7. 


Conversion of X-ray Diffraction Angles 


to Interplanar Spacing 

A TiMesaVERr for physicists, metallurgists, chemists, and 
other scientists interested in diffraction patterns will be 
found in this new publication of the National Bureau 
of Standards, Tables for Conversion of X-ray Diffraction 
Angles to Interplanar Spacing. The first six tables in 
this book give the interplanar spacing values in 
angstroms for the diffraction angles from 0° to 90° at 
intervals of ©-O1L°. These tables were calculated by 
using the Ka, wavelengths, adopted by the International 
Conference at the British Institute of Physics in 1946, 
for X-ray targets of molybdenum, copper, nickel, 
cobalt, iron and chromium. The last two tables contain 
spacing values for copper and iron for angles from 
0° to 180° at intervals of 0-02°. 

The major portion of the calculation of the tables 
was done in the Computation Laboratory of the National 
Bureau of Standards. The Bureau of the Census 
assisted in the initial divisions necessary, and the Office 
of Air Research, U.S. Air Force supported the project. 

Applied Mathematics Series A.M.S. 10, Tables for 
Conversion of X-ray Diffraction Angles to Interplanar 
Spacing, 159 pages, is available from the Superintendent 
of Documents, U.S. Government Printing Office, 
Washington 25, D.C., for $1.75 a copy. Foreign 
remittances must be in U.S. exchange and include an 
additional 60 cents to cover mailing costs. 
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